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PREFACE. 



Accurate information as to Boiler Explosions must always 
be useful to those who are interested in the safe working 
of Steam Boilers. 

« 

The following pages contain very brief abstracts of records 
obtained for the Midland Steam Boiler Inspection and 
Assurance Company, by whose permission they are now 
republished in a compact and convenient form. 

By permission of the Council of the Institution of 
Mechanical Engineers, the records are prefaced by a Baper 
on Steam Boiler Explosions and their records, and on 
Inspection as a means of prevention, read before that 
Institution at Manchester, August 1st, 1866, and a further 
Paper on the "Conclusions derived from the experience of 
recent Steam Boiler Explosions," read before the same 
Institution at Nottingham, August 3rd, 1870. 

All names of Works or Firms are omitted from the 
records as unnecessary. 



On Steam Boiler Explosions and their Records, and on 
Inspection as a Means of Prevention, by Edward B. Marten, 
mem. inst. m.e. a.i.c.e., excerpt minutes of proceedings of thb 
Meeting of the Institution of Mechanical Engineers, at 
Manchester, 1st August, 1866, Joseph Whitworth, Esq., 
President, in the Chair. By permission of the Council. 



The subject of Steam Boiler Explosions, which was brought before 
this Institution in June, 1848, in a paper by the late Mr. William 
Smith of Dudley in reference to an explosion near that place, and 
again in 1859 in a paper by Mr. Longridge on the economy and 
durability of stationary boilers, is one of great importance and is 
now attracting increased attention. The first public notice of the 
subject was by a parliamentary committee in' 1817, which was 
appointed in consequence of a very fatal boiler explosion in London 
in 1815 ; evidence was then collected as to steamboats, and many 
boiler explosions were referred to. That committee recommended 
among other things that boilers should be made of wrought iron, 
instead of cast iron or copper, which had been the materials mainly 
used previously ; that they should be inspected and tested ; and 
that there should be tw^o safety valves, each loaded to one third of 
the test pressure, under penalties for any excess. A great part of 
the information now existing upon the subject, especially in regard to 
the earlier explosions, is to be found in the records of inquests after 
fatal cases ; and some of the careful reports of eminent engineers 
on those occasions have materially assisted in the formation of 
correct views as to the causes of explosion. Latterly also the 
printed reports of the inspectors of mines, and more especially the 
reports of the explosions of locomotives, illustrated by diagrams by 
the inspectors of railways, have furnished very valuable information. 
Since the subject has been taken up by private associations for the 

B 
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prevention of explosione, many more records have been published, 
although their usefulneaB is much impaired by their not containing 
the names of the placea whereby the esploaiona could be identified. 

"When the ■writer's attention was first directed to this subjeot, 
he met with great dIfB.culty in obtaining correct records of boiler 
explosions, from which to arrive at the results of past experience j 
and wishing to base his own opinion on facts, ratter than on the 
inferences of others however reliable, ho followed the example of 
the Fraaklin Institute in their elaborate investigation of the subject, 
and collected all the records he could find ; and by way of 
facilitating reference, arranged an index, a manu'ioript copy of 
which is presented with the present paper to the Library of this 
Institution. All must bo agreed as to the importance of reliable 
information on such accidents as boiler explosions ; and the 
writer would suggest that this Institution may materially aid in 
obtaining the desired records and placing them within easy 
acoesa, by becoming the depository of reports on explosions, and by 
inducing those who have the opportunity to forward copies of 
reports, that these may be arranged so as to be easily found and 
consulted. It is very desirable that these reports should as 
far as possible be illustrated by stetches, as aids to the description; 
and also by slight models like those now shown to the meeting, 
by which the whole matter may be seen at a glanee. So few 
persons comparatively have the opportunity of examining boilers 
after explosion, that the most erroneous ideas have prevailed, 
and theories have been advanced which would soon be dissipated 
by practical experience or by reading accurate reports. It would 
also very much aid in the understanding of published matter ou the 
subject, if full descriptions of each case alluded to in illustration 
could be obtaiaed. These records are as useful to the engiaeer as 
the "precedents" or "cases" to the lawyer or the surgeon. After 
any serious explosion, the newspapers of the neighbourhood in 
which it has occurred contain voluminous articles describing the 
disastrous result and the damage done, which, although useful as 
far as they go, do not in the least assist in arriving at the canse of 
explosion. The really important particulars, Bucb as the descriptioD 
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and oonBtruction of the boiler, its dimensioris, and the preEBure at 
which it worked, aie in moat cases omitted altogether. 

The record of explosions presented to tho Institution containa 
Ifc liet of the boUer explosions in each year of the present century, 
as far as known to the writer, with the names of tho places, and 
the description and sizes of the boUera, and the supposed cause 
of explosion, together with references to the hooka or papers from 
which further information may he obtained. Of course many 
of the explosions have to he put down as uncertain in same of the 
particulars ; but every year improves tho record, aa iresh information 
la obtained, and with the asaistauoe of the members of this 
■tntiou it might be made far more perfect and extensive. 



The total number of explosions here recorded ia 1046, and they 
caused the death of 4076 persona and the injury of 2903. The 
causes assigned for the sevoriil explosions are very numerous, and 
are no doubt incorrect in many cases ; hut they may be generally 
i follows : 

e too uncertain to place under any heading ; but of the rest 
ire &am the boilers being worn out, or &}m corrosion, or 
from deteriorated plates or rivets. 
[137 from over pressure, from safety valves being wedged or 
overweighted, in some cases intentionally, or from other 
acta of carelessness. 
.25 &om faulty construction of boiler or fittings, want of stays, or 
iglect of timely ropiiir. 
119 &om collapse of internal tubes, generally from insufficient 



pJ14 from shortness of water, or from aourf preventing the proper 
contact of the water with the plates ; or from, improper 
Betting eo as to expose the sides of tho boiler to the fiame 
above the water line. 
9 from extraneous causes, such as eSect of lightning striking 
down the stacks upon the boilers, or from fire ia the building 
or explosion of gaa in the flues. 
1046 total number of explosions. 
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The exploded boilers wera of the foUowing deecriptionfl : — 
232 are not sufficiently described to place under any head ; hot of 
- the rest 

I 820 were Marine boilers of various forms. 
■ 141 "were Comish, Lancashire, or other boilers internally fired. 
veie Locomotive, or other multitubular boilers, 
vere plain Cylindrical boilers, externally fired, 
vers Walloon or haystack, wagon, Butterley, British-tube, 
elephant, or Trcvithick boilers. 
29 were Portable, agricultural, upright, or crano boilers. 
14 were Heating apparatus or kitchen boilers. 
10 were Upright boilers attached to pudiUing or mill furnaces nt 
ironworks. 
1046 total number of explosions. 

The theories as to the causes of explosion have been unmerooB. 
lii the early days of the steam engine, when the steam woe used 
only as a condensing medium and the pressure in the boiler was 
irequently allowed to get below atmospheric pressure, many boilers 
were destroyed by the excess of the external atmospheric pressure 
becoming too great, causing them to be coUapsed or crumpled up ; 
and (his led to the ubg of the atmospheric valve still found on old 
boilers. Even so lately as last year, 1865, a boiler in the neiglibour- 
llood of Bury, Lancashire, has suffered in this way by collapse from 
'external pressure ; its appearance after the accident is shown in . 
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vhich is copied from a photograph. The early explosions were 
palpably due to the weakness of the boilers, which compared with 
those of the present day were most ill constructed, that no one 
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tKougbt of any other cause than the imufficient Htrength of the 
TCBScl to bear the espansive force of the steam contained in it. 
When the odvautageB of high-pressure steam became recognized, 
and the boilers were improved so as to bear the increased strain, 
the tremendous havoc caused by on explosion led many to think 
that something more must be required than the expansive force of 
the steam to produce such an effect ; and they appear to have 
attributed to Gteam under certain conditionfi a detonating force, or a 
sudden access of expansive power that overcame all resistance. To 
support this somewhat natural supposition, it was asserted that the 
steam -became partially decomposed into its constituent gases, 
forming an esplosive misture within the boiler. That thia belief 
is still sometimes entertained is seen from the verdict of a jury even 
in the present year, 1866, in tie case of the explosion of a plain 
cylindrical boiler at Leicester, shown in Fig. 2., the real 
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cause of which appears to have been that the shell of the 
boiler was weakened by the manhole. It seema hardly necessary 
to point out the fallacy of imagining decomposition and reeompoeition 
of the steam to take place in succession in the same vessel without 
the introduction of any new element for causing a change of 
chemical combination ; but it is necessary to refer to this supposition, 
as the idea is shown to be not yet extinct. 

Again it has been asserted that the steam when remaining quite 
still in the boiler becomes heated much beyond the temperature due 
to the pressure ; and that therefore when it is stirred or mixed or 
brought more in contact with the water by the opening of a valve 
or other cause, the water evaporates so rapidly as to produce an 
excessiTe pressure by accumulation of steam. In support of this view 
the frequency of explosions upon the starting of the engine after a 
short stand is adduced ; but it is very doubtful whether by this means 
a sufficient extra pressure could be produced to cause an explosion, 
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unless the boiler had been previously ■working up to vrithin a very 
small margin of its strength. Explosions ore BCldom caused by a 
sudden increase of pressure, but rather by the pressure gradually 
mounting to tbe bursting paint, when of course the effect is sudden 
enough. Nor is it neccssaryia many eases to look for much innrease 
of pressure as the cause of esplosion ; for it is far more often the 
case that the strength of the boiler has gradually degenerated by 
wear or corrosion, until unable to bear even the ordinary working 
pressure. It is ho very easy, when examining the scene of an 
explosion, for the first cause of rupture to be confounded with the 
causes of the subsequent mischief, that in many cases erroneoos 
conclusions have been nrriTed at in this way. 

The most important points to find out in connection with any 
explosion arc the condition of tbe boiler and all belonging to it 
immediately before the explosion, together with the locality of the 
first rent, the direotioa of the line of rupture, and the nature of the 
ftacture ; as everything occurring after the instant of the first rent is 
an effect and not a cause of explosion. As soon as the first rent has 
taken place, the balance of strain in the fabric is disturbed, and 
therefore the internal pressure has greatly increased power in 
continuing the rupture ; and also the pressure being then removed 
from the surface of the water, which is already heated to the 
temperature of the steam, the whole body of the water gives out its 
heat in the form of steam at a considerable pressure, and thus 
supplies the volume of steam for carrying on. the work of 
destruction. When thus quickly generated, the steam perhaps 
carries part of the water with it in the same way that it does in 
ordinary priming ; and it has been thought by some that tho 
impact of the water is thus added to that of the steam, to aid in 
the shock given to all surrounding obstacles. 

It is seldom that one out of a bed of boilers explodes without 
more or less injury to the others on either side of it ; but sometimes 
two boilers in one bed, or three, or even five, have exploded 
eimultaDeouBly. 

The causes of boiler explosions may be considered under the two 
Lgenenii heads of — 
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Firstly, faults in the fabric of the boiler itaelf ae originally 
oonstmeted, Buoh a£ bad shape, want of stays, bad material, 
defective workmanship, or injudicious setting: — and 

Secondly, mischief arising during working, either from wear and 
tear, or from overheating through shortness of water or accumulation 
of Bourf ; or from corrosion, in its several forms of general thinning, 
pitting, furrowing, or channelling of the plates ; or Irom daws or 
fractures in the material, or injury by the effect of repeated strain ; 
or from undue pressure through want of adequate arrangeinente 
for escape of surplus steam. 

There is no doubt that mony of the early explosions were from 
faults of construction. The stronger materials now used were then 
fonnd so difficult to manipulate that others easier to work were 
chosen, and often the shape of the boiler was only selected as the one 
easiest to make. The early boilers were made of copper or cast 
iron, with leaden or even wooden tops, and of the weakest possible 
ebape. Suoh was the boiler used by Savery, shown in Fig. 8. 




lig. 6. 

very fatal explosion in London in 1815, referred to by the 
parliamentary comraission previously named, was of a cast-iron 
boiler, which failed because one side was too thin to bear the 
pressure, as the casting was of irregular thickness. The 8t«am being 
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at that time nsed only at or below atmospheric pressure aa s meana 
of obtaioing a vacuum by condensation for working by the est«mal 
pres£uie of the atmosphere, so little was pressure of the steam 
thought of, that boilers were proposed and it is believed wera 
actually constructed with hooped wooden shells, like barrels, and 
internal fireplaces and fines of copper; and even a stone chamber 
was named as being a suitable shell for a boiler, wilh internal 
fireplace and copper Hue passing threo times the length of the inside 
and ont at the top, like an ordinary stove and piping. These boilers 
muBt have been sometbiiig like the sketches given in Figs. 6 and ?, 




and wan intended 
atmoephere. 



Fig. 1. 
outf to the external pressure of tha 
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Cast iron was freqaently used for tbe Bhell of boilers, with a 
inlemal fireplace Bnd tubes of wrong^ht iron, as shown ii 





and boilers of this eonstniction are slill to be f( 
of the older worta it the present day As the outside sbell and 
front plate are IJ inch thick and are not exposed to any wear at all, 
these boilers are sufficiently strong A duplicate front plate with 
set of tubes ittached is always kept on h'^nd in cftse of need 
Another form of cast iron boiler is shown in Fig 9 , made 
iu several parts put together with flange joints, with an internal 
fireplace and flue also made of ca<)t iron When cast iron 
was nsed for the parts exposed to the fire in boilers intended for high 
pressure, it wis sometimes employed in the form of tubes of small 
diaraetei and proportion it«]y thinner , as m Woolf s boiler, so much 
epoken of in the evidence before tbe parliamentary committee 
of 1817 This boiler, shown in Fig 10, consisted of nine cast- 




pipea, about 1 foot diameter and 9 feet long, i 
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80 that tbe flame placed all round them. These small tubes were 
connected with another of larger size placed transversely above 
them, forming a steam receiver, and this again with a etill larger 
one, which formed a Kt«um chamber. No details of any esploaions 
of the three last meationed boilers have been obtaioed ; but it is 
known that the cast iron was found a most treacherous material, 
especially when exposeil to the action of the fire ; and that ihe effect 
of explosion was very disastrous, because the boiler burst at once 
into many pii'ces, each of which was driven out with great velocity, 
and the danger was not mitigated by the circumstance of large 
masses holding together, as is found to he the case with wrought-iron 
boilers when exploded. 

When wrought-iron boilers came into use the shapes were most 
varied, and the diniensions much larger than before. One of the 
earliest was the Wagon boiler, shown in Fig. 11, with round top 

, Fig. 11. Mg. 12. 

and plain fiat sides, which could only he made to bear even the 
smallest pressure by being strengthened with numerous stays. In 
most cases of explosion of this class of boiler the bottom was 
torn off, owing to the angle iron round it being weakened by the 
alternate bending backwards and forwards under each variation of 
pressure, as all the sides and the bottom must be constantly 
springing when at work. Such was the explosion at Chester in 
1 822, and many others. This shape was soon improved in its steam 
generating powers hy making the sides concave instead of flat, as 
shown in Fig. 12, so that the heating surface vaz greater and also 
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in a belter position to receive the heat from the flame in the flues. 
ThisBhapewasfartherelaboratedby roaDding theendsas in Fig 13, 




vaA in some cases making the bottom convex to correspond vitb the 
top, as in Fig. 14. All these forms however etill required numerous 




tays to retain them in shape, the safety of the boiler being 
dependent upon the stays ; and nuwerous enplosiona show ;the 
weakness of these boilers. They generally gave way at the bottom, 
as in an explosion that occurred at Manchester in 1842, where the 
boiler had been weakened by ireqnent patching ; they 
exploded through the failure of the stays 

A very early improvement in the right direction consisted 
making the shell circiilar ; and some few large boilers still exist 



sted in ^M 
istthat ^M 
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[ irav made completely spherical, a^s sbov 



ig. 15, so that the whole 




Fig. 16. 



of the iron was enposed to tensioo only, and required i 
from Btaja, and the boiler Lad no tendency to alter its shape under 
varying pressare. This shape however had the great disadvantage 
of possesfiing the least amonnt of heating surface for its size or cuhic 
■ contents ; and also it was very liable to injury from sediment on tha 
I bottom, which accumulatfid on the raost central spot. The spherical 
form was therefore soon modified into the shape shown in Fig, 16, by 
making the bottom more flhnllow,although still convex; and after wards 
by putting flat or concave sides and a flat or concave hottom, with the 




Fig. 18. 
StafFordshire district as the common Balloon or Haystack boiler. 
Many of these have been made of very great size, measuring 
as mncfa as 20 feet diameter, and containing so much water and steam 
as to be most formidable magazines for explosion. Perhaps no form 
of boiler has exploded more than this, partly because of the great 
number that have been used, but chiefly because of the inherent 
■weakness of the shape. The records however have not been obtained 
of the great majority of these explosions, because they seldom 
caused sufficient damage or loss of life to attract much attention, 
as these boilers generally worked in isolated positions at collieries. 
The bottom is only prevented from blowing down into the fireplace 
by numerous stays from the top, and the angle iron round the 
bottom of the sides is much tried by the constant springing of 
the plates under every alternation of pressure ; and the weakness 
thus occasioned is increased by the angle resting on the brickwork 
and being exposed to corrosion. The effect of this continued 
alternation of strain is well shown by the elastic model exhibited. 

Notwithstanding the dependence of these boilers upon stays for 
their strength, many hnvo been made as large as 12 and 15 feet 
diameter without stays ; and explcslon sooner or later has been the 
coQsei^tienDe. Such was an explosion that took place at Smethwick 
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1862, which m shown in Fig, 19. Ab the force of 
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explouon wu only slight, the effect of the bottom giving wa.j, a 
the conBeqnent rolling over cauBed by the reaction of the isBuinff ■ 
steam and water, ts clearly seen. Another example that occurred 
at Wedneshnry in 1862 ia shown in Fig. 20, where the explosion was 




rather more violent, the bottom of the boiler bein^ lorn off all round 
and left upon the firegrate, and rent nearly into two pieces ; while 
the top and sides were thrown eome height in one mass, and were 
only put out of shape by the fall. The weakness of this boiler had 
been further increased by making the bottom angle of angle 
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shown enlarged in Fig, 21, with a. ring of flat plate A interposed 




between the angle-iron ring and the concave bottom of the boiler ; 
so that all the effect of the springing of the bottom, as ahown by the 
dotted lineH, was thrown upon the angle iron, which was accordingly 
found cut off all round. Had the concave bottom been made to rise 
direct from the angle iron, as in Fig. 22, the springing could not 
have been so great, and the angle iron would only have had to stand 
the sheaiiug strain of retaining in its place the rigid bottom ; but as 
abont one foot all round the bottom was flat, and the concavity was 
only in the central part, the angle-iron ring had to bear an up and 
down strain, as shown by the dotted lines in Fig. 21, and the 
bending action was mora severe than it would have been if the 
bottom had even been made qnite flat all over. 




Fig. 33. 
kA further form of the Balloon boiler is shown In Fig. 23, 
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vliare the healing suiface of the bottom ig increased bv an internal 
central dome-shaped fireplace, with an arched and curved flue 
conducting the flame through one revolution within the holier before 
passing again round the outside This construction however mast 
necessarily have diminished the strength of the boder greatly. Id 
the drawing the top of the boder, as indiLated by the dotted lineB, 
is removed to show the interior 

The desire to add to the strength of hoders by lessening the 
diameter of the shell led to the construction of the Plain Cylindrical 
boilers. They wi re made first with flat ends of cast iron, which 
frequently cracked Jnd gave way when exposed to the fire, as 
described in many of the early American exilosions The flat ends 
whan made of wrought iron, as shown m Fig 24, are exposed to the 




JW 24, 



earns strain as the bottom of the balloon and wagon boilers, and a 
constantly springing 'ftith variation of pr-'ssiire like drum he 
causing injury to the ingle ircn jo nt They also require long s' 
through them to hold in the ends, and these ire subject to so mad) 
vibration that they seldom continue sound for long togetlw 
especially when joined with forked ends and cotter^ 

Aa the flat ends of such boilers are always being sprung 1 
each alternation of pressure into a more or less spherical shap^J 
as shown by the elastic model exhibited, this consideratioa no 
donbt led to the ends being made hemispberioal, ae si 
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rPig. 25 ; and plain oyUndrical boilers witli these bemispherical ends 
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Fig. lb. 

are oow so commonly nsed that thoy far outnumber any other form 
of boiler. Their shape renders them very strong, aa the whole of 
the iron ia in simple tension, and internal pressure has no tendency 
to alter the shape, oa is shown by the elastic model exhibited. 
There is one circumstonea very much in favour of the plain 
cylindrical hoilers, and that is that they can ho so easily cleaned 
and repaired, as a man can stand properly at his work at every part 
and the whole of the interior euifaeo is exposed equally to yiew. 
They are of course exposed to all the evils of boilers estemally 
fired, the part under greatest strain being weakened by the action 
of the fire ; and the bottom is also exposed to injury from accumnla- 
■Kon of mud and chips of scurf, which cannot he prevented from 
fulling there, and lying upon the part exposed to the direct action 
of the fire. "When made of great length, such as 70 or 80 feet, as 

the practice for applying the waste gas from blast furnaces, these 
Imilers are also liable to seam-rips or "broken backs," owing to the 
greater expansion of the bottom exposed to the fierce flame for ita 
whole length, than of the top which ia kept cooler by exposure to 
the air ; and it would therefore be better to have a succeaBion of 

lort boilers, rather than only a single one, where great length is 

One boiler has been seen by the writer where extreme length 
I avoided by curling the boiler round until the ends met 
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forming a Eing or Annular boiler. This boiler ia shown in JFig. 26, 






Fig. S8. 
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and is 5 feet diameter with 25 feet external diameter of the ring, 
or a mean length of about 63 feet ; it has been found to work well 
for some yeare, although exposed to the heat of six ptiiJdling 
iiimaoeB. 

Esplosiona of plain oylindrical boilers have been very frequent 
indeed, although they have not caused a proportionate number of 
deaths, because they work nsiially in isolated positions at colliery and 
mine engines. The sketch shown in Fig. '. 




Fig. 27. 

explosion that ooonrred at Darlaston in 1863, and illuBtrates the 
■way in whioh tliese boilers usually explode. They generally open 
first at a longitudinal seam over the fire, which has become dete- 
riorated by accumulations of scurf preventing proper contact of the 
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water, bo that the platee beoome overheated, their quality injured, 
their edges cracked or burnt, and the rivets drawn or loosened. The 
rent generally oontiuacB in the longitudinal direction to the sound 
Beam beyond the bridge at the one end, and at the other end 
to the seam joining the front end to the shell ; and then runs up each 
of the tranarerse aeams, allowing the rent part of the shell to open 
out flat on both sides, and liberating both ends of the boiler, which 
fly off in opposite directiona. Of coarse it ia soldom that an explosion 
is quite so aimple as this, as the direction of the flight of the various 
pieces is so much influenced by tho last part that held in contact 
■with the main body of the boiler. The want of due observation of 
this point has often led to erroneous oonclusiona. 

In the esplosion shown in Fig, 28, and in the model eshibited, 
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■wHcb occurred at 'Weatbiomwich in 1864, the lower part o 
side of an upright boiler was blown out ; and the liberated part 
was also divided into two pieces, each of which fell some distance 
behind the boiler, in an opposite direction to the aide from which 
they came. The explanation of thia became obvious on examination, 
as the cause of the rupture had been the corrosion of the bottom, 
and the rout had run up the soams until it met the angle iron of the 
side tubes, round which it ran to the first seam above. This seam 
acted as a hinge on which the ruptured pieces turned, and they 
swung round so violently that they were wrenched off, but not 
before they had pulled the boiler over and received the diverting 
force which gave them their direction, for they flew off at a tangent, 
ta the circle in which they had swung round on the sound upper 
seam as upon a hinge. 
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In order to avoid having a largo diameter for plain oylindricBl 
boilcrtt, especially where exposed to the fire, boUera have been nsed 
thut have supplied the required eteam power by a combination of 
Beverai cylindera of Hmall diameter. One of these known as the 
Elephant boiler, has been ho much used in France that it i 
■ometimeB called the French boiler ; it is shown in Fig. 29, 




and conaiflts of two cylinders of small diameter connected by npright 
oonical tubes to a large cylinder above. Another form called the 
Eetort Boiler, shown in Fig. 30, haa been deftcribed at a previoua 
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meeting of this Institution (see Proceedings Inst. M. E. 1858 ■ 
page 191). The disttdvantagcB of these two combinations of plai 
cylindera are that they are not oasy to clean or examine intemoUy, 
and also there is not free exit for the steam, which has to find its 
way along small channels, and carriee the water away with it, 
I causing priming, and also retarding the generation of steam and 



endangering the boiler plates. With a view to strengtheii 
cylinder made of wrought-iron plates, the scama are 
made to run diagonally, as shown in Fig. 31, on the principle that, 




H the longitudinal is the weakest seam and the transrene t 

strongest, a diagonal between them gives the greatest amount of 
strength to the boiler aa a whole, 

^^H ' flain cylindrical and wagon boilers have for many years been 

■ *"iiiade with internal tabes of various shapea and arrangement, through 

which the flame pa.'ises to add to the heating surface. These are 

shown in dotted lines on the previous drawings of wagon boilers, 

., 11 and 12. They are also ahown in Fig. 33, where a tube 
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\ from over the fire to the front of a plain cylindrical 



boiler ; in Fig. 33 tiro tubes paas from the sides to tie (rout : i 



Fig. 84 the tube psBnes from the haok, bat returns otot the fire s 




passes again to the bact i and in Fig. 35 a tube from t 



^ 



paBBGB out through a croBB tube in each side. The boilers ii 
these cases are fired externally. This addition of tubes has tended 
TBry much to increase the size of these boilers in order to make 
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room for the tnbea. Theae boilers are now found of 9, 10, and even 
11 feet diameter; and this large shell being fired estemaily is 
exposed to the samn dangers as those described in the plain 
cylindrical boiler, while it is not bo easy to keep clean on account 
of the obstruction offered by the internal flues. When the flame 
has passed under the whole length of the bottom of these large 
boilers before going through any tube, it is doubtful whether the 
heating surface of the tube helps much in the generation of steam; 
but the tube ia of use in reducing the quantity of water in the 
boiler, as it occupies a conaidemble space. 

Explosions of these boilers have sometimes taken place by 
collapse of the tubes, but mueh more generally by the failure 
of the shell over the fire, as shown in the ekcteh Fig. 36, 
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round the boiler ; and the plates were thrown in one flat piece, ae 
shown, upon a bank behind. The main body of the boiler with the 
tubes was turaed over, and the front end blown away, 

A modification or amalgamation of Beveral of the forms of 
boilers already mentioned led to the construction kaown aa the 
Butterley boiler, ahowa in Eig. 37, with a wagon-shaped end over 
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the fire, continued in a Bingle tube within a plain cylindrical shell 
beyond. This boiler has been found to generate steam very rapidly ; 
but the extreme weataess of the construction over the fire and along 
the tube, especially at the part where the Iront end of the tube widens 
out ia a bell mouth to meet the wagoa-topped fireplace, has led to 
BO many esploaiona that few boilers are now made of this form. 
A very early explosion that occurred at Edinburgh in 1821 was of a. 
boiler somewhat of this shape, only that the wagon-topped fireplace 
was much longer. Other explosions of this form of boiler ooourred 
at Ashton-nnder-Lyne in 1845, at Wolverhampton in 1854, and at 
Tipton in 1856. 

The desire to economise fuel led to placing the fire inside the 




boiler, m a tube numuig from end to end, aa ato^u yu. S\%. Sft, 
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and the great number of boilere of this form need in Cornwall gnve 
it the name of the Cornish boiler. The exceedingly good dnty 
performed by Uiese boilers led many to believe them the most 
perfect for economy and durability ; but the great number of 
explosions, or more properly of eollupsed fluea, that have happened, 
have altered this opinion, and led to the double-flue boiler ahown in 
Fig. 39, in which not only is the heating snrlaee increased but the 




7 having two tubes of smaller diameter in the same 
} a great many varieties of the two-tube boiler, 
which have been made for the purpose of obtaining various particular 
reeults. In some cases the two tubes have been made to unite into 
a single tube immediately behind the fires, forming what is known 
as the Breechefi-tube boiler, as shown in Fig. 40, and in other 




)&Btances the outside shell of the boiler haa been made oTal^ as 



ahown in Fig. 41, with the two tubes oontiaiied through from end 




to ead. The heating Eurfoce haa also heen increased, aad 1 
strength of the main tubes, by placing smaller transverse tube 
across them at right angles ; hut these advantages are gjined b 
increased complication, leading of course to greater difficulty i 
examination and repair. 



The frequent failure of tubea by collapse when nsed for higji 
pressuxee, and also the results of careful experiments, led to4 
the simple addition of strengthening rings of different i 
around the esterior of these tubes, by which the shell and t 
tubes arc rendered of equal strength. It has taken considerable 
time for the belief in the weakness of large tubes when exposed t 
esteraal pressure to bocomo general, and a great many boilt 
are still made and used Laying even large tubes without thftS 
strengtheniiig rings ; and in some districts such boilers are used iii| 
great numbers and at far higher pressures than can be considere 
judicious. In more tbau one bed of boilers, one boiler aft6r.g 
another has exploded by the collapse of the tube from the ^ 
of strengthening rings, and yet these have still been believed 
unnecessary ; and the cases of isolated boilers of this couHtnictioil 
where the large tubes have collapsed are extremely numi 
any other reason than the weakness of the tube has been consider 
more probable as the cause of explosion. A sketch of a 
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, collapaed flue is given in Fig. 42, which csploiled at 




Bnrton-on -Trent in 1865 ; and it is eclccted &om muny others 
because it was a new boiler, well made and mounted, and was a good 
example of the weakneae of a large tube to resist high external 
pressure when made of great length witbout the support of 
strengthening rings. 

There are a great many advantages in the tabular boiler internally 
fired. The shell which is exposed to the greatest tension is not also 
exposed to the first action of the fire. The fire is in the midst of 
the water, so that the greatest effect is obtained &om it ; and the 
heating surface immediately orer the fire, from which most steam 
is generated, has not so great a depth of water ubore it for the 
steam to pass through as in the estemaUy fired boilers heated from 
the bottom. The tubes also act as stays to the ends ; and the mud 
in the wat^r falls off the tubes, where it would do mischief, and 
settlea on the bottom, where it is comparatively harmless. 

These tubular boilers are however subject to disadvantages 
peculiarly their own. It is not so easy to move about within them 
for cleaning and examination as in the plain cylindrical boiler, as 
the tubes fill up the space so much. The difference of espansion 
between the highly heated tube and the comparatively cool shell 
produces a strain, which causes the ends to bulge out ; or if the ends 
are made rigid, the strain sets up a contortion in tLe tube, which 
causes furrowing of the plates by making the iioa softer or more 
susceptible of corrosion in certain lines of strain. Ifotwithstanding 
these drawbacks however this form of boiler is an exceUent one. 

Many modifications in the forms of boilers have been made ti 

- enable the manufacturers to use the waste heat from variom 

processes, especiaUy from the making of iron. The plain cylindrical 
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boiler hea been used in this way, vith BometimeB as many as eight 
paddling furnaces made to work upon one boiler. One of the 
earliest special arrangements for this purpose was the TTpright 
boiler with central tube, shown in Fig. iS, which was originally 
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made for two fnmaceB ; and about 7 feet diameter and 16 feat higl 
The size has since been inoreused to 10 feet diameter and ! 
high, as shown in Fig. 44. These boilers are made for one, two,^ 
three, or four puddling fumacCB ; and consiat of a cylinder witii 
Hpherieal ends, standing upright, with a central tube from t 
bottom to about half the height, into which the side tubes joiiK 
The heat from each furcace plajs over a portion of the shell, i 
then passes through the side tubes and down the centre tube iaj 
tiie nndergroimd flue to the chimney. 

These boilers have many good points : there is great beatu 
emrface ; and the shell being heatod all round does not stndii t 



plates and aeama by unequal expansiaa so mucli as in the horizoatal 
plain cylindrical boiler heated only at the bottom ; and aa both ends 
are spherical there ia no alteration of shape under internal presenre. 
Moreover in consequence of the upright position of the boiler 
a safe depth of 'water can easily be moiDtaiDcd, and yet the steam is 
taken off so high above its surface that there is little priming ; and 
every part con most easily be cleaned and examined, aa a man oan 
stand nprigbt both in the boiler and in the flues. Bnt the great 
drawback to this class of boilers is that they must stand in the midst 
of the workmen ; so that, altboogh they are not more liable to 
explode than any other form of boiler, yet when they do burst they 
necessarily endanger more lives than is uKually the case with other 
boilers that can be placed more away from the men employed at the 
■works. Should anything arise with the boiler to make it desirable 
to withdraw the fire, this cannot be done without much delay, as the 
furnaces have to be stopped and the iron run out. Also an explosion 
can hardly happen without some of the melted iron being scattered 
among the men at work. 

Some of the most fatal explosions of these boilers have arisen from 
careless construction. Such was the case in an explosion at Dudley 
in 18S2, shown in Fig. 45, where the crown plate forming 
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the top of the centre tube waa attached to the sides of the tnbe by 
HO slight aa angle iron, as shown enlarged in Fig. 46, that the 
preasure of ateam on the flat crown plate fairly sheared the angle 
iron through, and allowed the plate to be blown down the centre 
tabe into the chimney flue, whereupon the boiler was violently 
thrown off its seating by tiie reaction of the issuing steam aod water 
thus liberated. 

The double-tube horizontal boiler is also used id connection with 
iron-making furnaces in many placeB, one fiirnace working into each 
tube. Although by this arrangeinent the boiler can be placed a 
little further from the workmen, some very fatal explosions have 
happened to such boilers, as at Masborough in 1862. 

Single- furnace boilers have bean much used in 
the form of a single-tube boiler standing on end, 
as shown in Fig. 47, with the flame passing up the 
tube, which is continued in the form of a chimney 
on the top of the boiler. The tube passes through 
the steam at the top, so that the plate is not 
protected from overheating by contact with water ; 
and this has caused explosion in some instances, 
although the tube has been lined on the inside 
with firebrick to shield the plate from the flame. 
Another great disadvantage of this Chimney boilei' 
is that the space between the tube and the shell 
is so narrow that it is almost impossible to examine 
or clean it internally. 

A further arrangement for a fiingle-fumace boiler 
is the Elbow boiler, shown in Fig. 48, where the 
two difficulties mentioned in the previous boiler 



e avoided. 
Fig. 47. 
Many internally fired ujiright boilers of various shapes h 



constructed to suit varions purposes. One of a large size that has 
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been at wortc maoj jetita is shown in Fi^. 49, with an internal 
tireplace and a suspended cone and cross lube for increasing the 

I 

^^^tieating surface. This boiler 

the beat passes throagh the side tubes aud i 
before going off to the chimney. 

A veiy fatal explosion at Stoke-upon-Trent, in 1863, resulted from 

a attempt to work a boiler of somewhat the same general form, but 
iritboQt the same careful attention to the detailB of constructiou. 




a brickwork in such a way that 
ind the exterior shell 
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This boiler is shown iii Fig. 50 ; tie iDtemal fireplace is of conicul 




Itg. 50. 




Jiy. 51. 



shupe, 4 ^. 6 ins. diameter on the top &ad G ft. 10 ina. at bcttom, 
aod v/a& joiDed to tbe external shell by a flat annular bottom. 
Almost the first time it was worked at high pressure the conical 
fireplace collapsed, breaking off at the seam at the top of the cone, 
and blowing down npon the grate, as shown in Fig. 51, Tbe flat 
bottom was then left withoat the support of the cone and side tubes, 
and gave way all round the ontside angle iron ; and the top flew up 
a great height into the air, and fell a cnimpled heap, as shown in 
the sketch In this case the only wonder is that a boiler of such 
weak construction worked at all without explosion. 

There yet remains to be noticed a very large and varied class of 
boilers that have been designed with the express object of avoiding 
explosion. Some of these, made of cast-iron pipes of small diameter, 
have already been referred to. When steam carriages were first 
constructed, boilers were tried made of a cluster of small pipes, set 
both upright and horizontally, connected with a general receiver 
and with each other by still smaller pipes. These were found to 
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have such small circnlation of water that they very soon burnt out, 
and also led to mnch priming. Afterwards, narrow chambers made 
of corrugated plates set like the ceUs of a battery were tried, but 
without much success. The multitubular boilers of the locomotiye 
type soon superseded all others as quick steam generators, and 
until lately they have been considered as almost absolutely safe from 
explosion. It is found however that the barrel of these boilers is 
I)eculiarly liable to ftirrowing, owing to the strain weakening the 
iron in certain lines. Perhaps no boiler shows more clearly than 
the locomotive how necessary it is that every part should be open 
to examination; and also how unwise it would be to use for 
stationary purposes small cramped up boilers, only intended to 
meet the necessities of locomotion. Many explosions of locomotive 
boilers have taken place ; but it is not necessary to give details in 
this paper, as they are fully given in the published official reports 
of the government inspectors. 

Among the form of boilers designed to obtain very rapid 
generation of steam, combined with increased safety from explosion, 
may be specially named that consisting of a system of small pipes 
within a shell with an artificial circulation of water, and also the 
boiler consisting of a cluster of cast-iron spheres, both of which 
have been described at previous meetings of the Institution (see 
Proceedings Inst. M. E. 1861 page 30, and 1864 page 61) ; but 
neither has been much used in this country at present. The boilers 
also which consist chiefly of small tubes hanging down into the fire, 
with smaUer tubes or other arrangements within them for securing 
a natural circulation, deserve mention, as they appear successfully 
to accomplish that end. 

The principle of all these small boilers appears to be that only 
a small quantity of water should be contained in them, so that there 
should not be a reservoir of danger in the shape of a mass of highly 
heated water ready to be converted into steam if a rupture takes 
place : and it cannot be denied that this is an advantage. But on the 
other hand these boilers of small capacity, which evaporate their 
whole contents in a few minutes, are subject to new dangers from 
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that Tery cause; and although admirably adapted for pui 
where steam is wanted quickly on a sudden emergenoy, as ia t 
case of fire engines, or wtere the generating power required varies 
each moment, as in the locamotive, they are for the most part ill 
adapted for ordinary stationary purposes, such as the rnill or the 
colliery. They require constant firing and Tigilant attention to the 
feed, and cannot bo left for a time with safety like the ordinary 
stationary boilers. It has to be borne in miad also that the very 
reservoir of danger so much dreaded ia also a reservoir of power, 
which assists in the steady maintenance of the machinery in motion. 
The large mass of water heated to the evaporating point, the heated 
brickwork of the flues, and tho large fireplace, are so many assistances 
to regularity, and enable the man in charge te attend to his other 
duties without the risk of spoiling tho boiler or letting down the 
ateam by a few minutes' absence from tho stoke hole. Steam 
employers are found at present to prefer tho known dangers of the 
large boilers tJi the supposed safety of small boilers, which they 
fear are troublesome in practice. 



Many of the early boilers were rendered weak by the injudiciona 
manner of arranging tho scams. The longitudinal seams were made 
in a continuous line from end to end, as shown in Fig. 24, page 20, 
with the transverse seams also continued completely round the boiler, 
so that at the corner of each plate there were four thicknesses of iron. 
The crossing of the seams, as in Fig. 25, page 21, adds much to the 
strength, and also often prevents a rent from continuing forward to b 
dangerous extent. 

It is scarcely requisite to mention the necessity of good material 
and workmanship to secure strength in a boiler, however perfect 
the design. If the plates are of weak and brittle iron, or imperfectly 
manufactured, they will never make a good boiler. Apart from the 
strain upon the boiler when at work, the iron has to undergo tho 
strain of the necessary manipulation, shaping, and punching, 
during the construction of the boiler. If the plates forming the 
boiler are not well fitted to their places before the rivet holes an X 



made, (he errors have to be partially rectified by using the drift in 
the holes to aa unvairautablc extent, and then u^ing imperfect 
rivets to fill up the holes that do not correspond with each other ; 
and the miechief ia too frequently increased afterwards by excessive 
caulking, in the endeavour to stop the leaking which isaurc to show 
itself. In this way a boiler is often exposed to most unequal internal 
strain between its several parts before it is set to work at oU ; and 
'wbeu the heat is applied to it, the mero expansion causes undue 
contortion, and leads to seam rips, and ultimately to disaster. 
Several specimens of faulty rivettiug and caulking were exhibited to 
pia meeting, and a sketch of one of them is shown in Pig. 52. 




} strength of a boiler is often very much lessened by the 
iBjudiciouB manner m which the mountings are fixed upon the 
boiler, and many exploiions ore the oonscq^uenco of this defect. Hot 
only are a great many holes for fittmgs cut out of the boiler in one 
line, but these holes are made needlessly large. Steam domes axe 
often so placed as greatly to weaken the shell of the boiler, the hole 
cut out of the plate being made the full diameter of the dome ; and 
in some cases the domes or steam chests have been made Bquaro or 
rectangular, so as to weaken the shell still more, as shown in Fig. 53. 
Manholes are often a source of danger, if not properly arranged 
and duly strengthened. Even in very small boilers they are often 
placed with the longest diameter in the longitudinal direction of the 
boiler, so that the shell is greatly weakened, as is the aketeh, 
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Fig. 54, of an exploded boiler at "Walsall in 1866. This boiler 



W 
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Mg. 63. 
was 5 ft. 3 ins. long and 2 ft. 6 ins, diameter, and yet the maniole 
was 18 inches by 13 inches, and placed within a few inches of one 
end. The end was faatened in by angle iron, which was not 
welded, and consequently there was so little strength at the small 
portion of the shell between the end and the manhole that it gave 
way and liberated the end and the manhole lid, after which the 
a body of the boiler was thrown by the reaction across seyeral 
streets to a great distance. 

A somewhat similar injudicious arrangement of the manhole is 
shown in Fig. 55, where a manhole 17 inches by 14 inches was 




^^^ 



Fig. 65. 

cut out of the flat top of a steam dome only 2 ft. 6ins. diameter, 
without any strengthening ring to compensate for it. The repeated 
strain of screwing up the manhole lid, combined with the pressure 
of the steam, caused the lid to force ita way out through the 
plate and blow away. This explosion occurred at Birmingham 
in 1865. 
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The preceding examples liave Btown how explosions often result 
&om faults in the construction of boilers ; and the following instances 
illustrate the explosions caused by mischief arising during working. 
A boiler perhaps more than any other structure is subject to wear 
and tear ; and let it be worked ever so carefully, it will seriously 
deteriorate. The wonder is, considering the work they have to 
perform, that bo many boilers aro found which have worked twenty, 
thirty, or even fifty years without explosion. The terms wear and 
tear however are too vague lor this subject, and tho mischief met 
with must bo considered under distinct heads. 

There is no doubt that the thing most to be dreaded for boilers 
is corrosion ; because when the plate is ouoe thinned, it cannot be 
strengthened again, but must remaia permanently weakened. 
Corrosion tho more deserves attention because it is easily detected by 
moderate vigilance, and can generally he prevented by moderate care, 
or by the boilers being so arranged that they can be readily examined 
in every part. Corrosion haa been the direct and unmiatakoable cause 
of a very large proportion of tho explosions that have happened : 
it occurs both inside and outside the boiler, according to circum- 
atances, and attacks tho iron in various ways and in different places. 

Jbiternal eorresioH sometimes takes place from bad feed water, 
and its effects are different in extent in the different parts of the 
same boiler. It very seldom thins the plate over a large surface 
regularly, but attacks the iron in spota, pitting it in a number of 
holes. These are somctimeB large, as if gradually increasing from a 
centre of action ; and sometimes small, but so close together as to 
leave very littie more space whole than that which is attacked. A 
very curious example of the latter was exhibited to the meeting, and 
shown in Figs. 56 and 57, cut from tho lower part of the shell 
of a large tubular boiler externally fired. The corrosion was 
greatest along that part of the shell most exposed to heat, and wbb 
BO extensive that two boilers exploded simultaneously. The boilers 
had been at work sixteen years, but the corrosion commenced 
about eight years before tho explosion, when the feed water was 
rendered corrosive by being obtained from some iron mines. 
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had been seen going on for years, and was not considered 
Bnfficient to cause danger; but the depth to which it extended 
through the thiekneaa of the metal is seen in tho half size section, 
Pig. 57. Another sample equally carious was eshibited to the 
meeting, and shown in Pigs. 58 and 59, taken from the sweep plate 
over the firo in a plain cylindrical boiler which had worked about ten 
years. The feed water was occasionally bad, and attacked tho iron 
over the area HDD, where unprotected by scale. The protection 
afforded by scale agaiaat occasional corrosive ieed water ia worthy 
of notice. In the two specimens exhibited it is seen that the 
protection has been perfect where the scale has not been chipped 
off ; and the edge of the sound part projects over the hollow, as 
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Been in the half Bue sections, Figs. 57 and 59, the 
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having eaten away a larger area beneatli than that through which 
it first entered the surfaoe of the iron. 

Internal corrosion is frequently observed where boilers are fed 
iioia. canab or streams in the neighbourhood of chemical works 
from which corrosive matter is discharged at intervals into the 
water. The corrosion takes place in isolated spots, but causes deep 
holes; which seems to be accounted for on tlie supposition that the 
scale previously upon the plate cracks during the cooling of the 
boiler for cleaning, and forms a blister, so that a piece of about 
2 inches area is raised slightly from the iron. When the boiler is 
again put to work, this blister becomes filled with the corrosive 
water, which is held there without circulation and causes corrosion. 
When the boiler is again emptied these blisters may be seea, and if 
broken show the blackened wat^r and the injurod surface. In 
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future working each of these blisters forms a constant unprotected 
point for attack. It is frequently seen further that such corrosion 
is arrested if water be used which deposits scurf ; but fresh blisters 
and renewed corrosion will result from a return to the use of the 
bad water. 

The internal corrosion called furrowing has proved a frequent 
cause of explosion, especially in locomotive boilers. It differs from 
other corrosion by being in deep narrow continuous lines with abrupt 
edges. It will sometimes go completely through a plate ; and is 
found where a sudden change of thickness occurs^ either along the 
lines of the seams, or opposite the edge of angle-iron attachments. 
This effect is supposed to be due to the alternate springing of 
the plates under each variation of the pressure or temperature, 
causing the line of least resistance to receive a strain somewhat 
similar to that produced by bending a piece of iron backwards 
and forwards for the purpose of breaking it. This line of injury 
is exposed to constant attack from corrosion, because the scurf is 
always thrown off from it. 

JSxternal corrosion is a far more frequent cause of explosion in 
stationary boilers; and it arises from many causes. The most 
frequent cause, although the most easily detected, is leakage from 
the joints of the fittings on the top of the boiler, which are too 
frequently attached by bolts instead of rivets. This evil is much 
increased when the boilers are covered with brickwork, which holds 
the water against the plates, and hides the mischief from observation. 
It is astonishing to find how much damage is allowed in this 
way to go on without attention, until the tops of boilers are 
corroded so thin that little holes burst through. These are 
sometimes found stopped with wooden pegs or covered by screwed 
patches of plate, either of which cause leakage that hastens the 
mischief, as shown by the sample exhibited. Boilers exposed to the 
weather will of course become corroded like anything else made of 
iron and not painted ; and yet so much mischief is sometimes caused 
by leakage beneath improper covering that exposure may almost 
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be said to be the smaller evil of the two, as it is better to see what 
is going on than to rest in false secnrity. No covering will be 
fonnd cheaper, or better, in the long run, than a roof, which prevents 
the loss of heat by exposure, and yet allows free access to all the 
fittings and joints on the top of the boiler. 

Some examples of the evils of covering can be given that have 
come under the writer's observation. A set of boilers had been well 
covered by arches of brickwork, so built as to keep out all water, 
and also set so as to touch the boilers only at intervals, leaving a 
space generally of a few inches. After about seven years' working, 
the whole of the tops of the boilers were discovered to be dangerously 
thin, and had to be renewed. The cause was leakage from the 
jomts of fittmgs and seams of the boilers, and the issuing steam had 
been drawn along the space between the boilers and the arches, and 
had escaped at a place where it had not attracted notice. In another 
case, a somewhat similar set of boilers were covered with ashes, to 
prevent the loss of heat by radiation ; and the rain and the leakage 
beneath the ashes, in conjunction with the corrosive matter from the 
ashes themselves, thinaed the tops of the boilers to a dangerous 
extent in less than two years. A sketch of the corrosion caused in 
this instance by covering with ashes is shown in Figs. 60 and 61. 




JPig. 60. 
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SimilaT migchief has been noticed in boilers covered with i 



ehowD in the sketches Figs. 62 and 63, which represent t 
of corrosion after eight years' working ; altbongh aotb 




a better covering than sand for preventing loss of heat by 
radiation. In both these examples it will be seen that the currosiou 
has continued until the thickness of tha plate has been so eaten 
away that a hole has been burst out at SS. A very good covering is 
formed by briukwork in cement ; or various cements made for the 
purpose, which adhere to the surface of the plate and yet show 
leakage ; or such materials as sacking or felt ; or sheet-iron 
casing, leaving about 6 inches of air space all round the boiler. 
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But all these have the great objection that they hide the boiler 
from inspection, except by the expensive process of remoring the 
covering ; and in Ihia way dangers Ibat have caused explosion 
have remained hidden from observaiiun. 

Explosions have also taken place from general corrosion of the 
snrface of the boilers in ihe flues. A new boiler which was set on 
sidewalls built upon a foundation of porous rock was found to have 
become corroded all along the bottom in less than two years, owing 
to the dampness which rose from the foundatioaa caueiog a constant 
presence of vapour. The corrosion was peculiar, and more like that 
found on old iron left for a long lime in a damp place ; for the iron 
plate fell to pieces when touched, and large flakes could be raised 
from the surface, and the greater part of iLe thickness of the plate 
could be removed with the fingers. Somewhat uimilar corrosion 
had taken place in a boiler which exploded at Loughborough in 
1863 ; the bottom of the shell became rent at Che corroded part, and 
as the fracture continued spirftUy round the boiler several times, 
nearly all the shell was peeled off in the curious manner shown in 
Fig, 64. The explosion shown in Fig. 65, which occurred at Leeds in 
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e from corrosion of tbo bottom of the boiler. 

The greater part of the corrosion found in the side flues of 

boilers is caused by the leakage of seams. Many boilers are emptied 

for cleaning as soon as work is over on Saturday night, and long 

before the brickwork of the fireplaces and flues has cooled ; and 
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deserves attention, as it shows the effect of a jet of steam and 



Fig. 67. 

water from the leaking rivet K, in cutting a series of channels into 
the plate along the course of the dotted lines EEE, and producing 
a bole in the plate at S. This corrosion had been going on for 
about four years, but was in a part of the boiler seldom seen in 
ordinary examination. Many explosions have resulted from this 
form of corrosion; for when a rent is once made, the fracture 
continues along the thinned channel of the plate. 

The corrosion most to be dreaded, because most difficult to 
detect, is that which takes place where the boiler is in contact with 
brickwork ; and it is found alike in all forms of boilers set in brickwork. 
When found at the part where the side flues are gathered in at the 
top against the boiler, it is usually occasioned by the leaking of 
fittings or feed pipes, or by rain being allowed to run between the 
boiler and the brickwork. More than one explosion has been caused 
by the droppings from a roof being allowed to fall upon the tops of 
tbe flues. When the corrosion is found at the point where the 
bottom flue walls touch the boiler, it is frequently caused by the 
leaking of seams that have been strained by the weight of the 
boiler; and this often arises from want of care to replace the 
brickwork, after repair of the boiler or flues, in such a position as 
to take again its proper proportion of the weight of the boiler. 
Cases have been met with where the shape of the bottom of 
large boilers has been quite altered by such means. The 
brackets on the sides of heavy boilers have not only been strained so 
that the rivets or bolts have leaked and caused corrosion, but they 
have also bent or cracked the side plates of the boiler. The 
bracket shown at B in Fig. 53, page 40, made of only an angle iron 
with a piece of plate attached, is especially liable to cause injury if 
the brickwork is not rebuilt close up to the angle iron, as the 
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leverage ib bo great. This is avoided by the better ibrin of bracket 
shown at C, conBisting of an elbow of flat bar-irOD rivetted at lop 
and bottom to the boiler. 

In the old balloon and wagon boilers, the angle where the bottom 
joined the sides scarcely ever remained sound for long when in contact 
with the brickwork, and many of those that exploded have been 
foand almost corroded through where they stood upon the brickwork. 
The explosion before alluded to and shown in Fig. 7, was caused 
by corrosion of the bottom of the boiler where it was set on the 
brickwork. Many boilers are eg set that the brickwork of the flues is 
made to follow the shape of the boiler, with as little space between 
as possible ; but the slight advantage gained in increased heating 
effect is far outweighed by the impossibility of getting into the flues 
for examination. It is only by having the flues sufBcieotly roomy 
that proper examination can be made, and that the indications on the 
brickwoi'k of leaking can be seen and remedied, i 
arrested. A remarkable case of corroaion occurred in a boiler fl 
an oval shell, set upon a middle wall. The flnt 
for a man to enter, and a leak in the bottom was only discovered 1 
the boiler nearly running empty while the engine pumps i 
standing for a short time. It was subsequently found t 
whole bottom where it rested oa the wall was extensively corr 
in a continuous lino, and that explosion was only prevented by tl 
numerous stays across the bottom to compensate for the oval si 
Fig. 68, showB the position and extent of the i 



Hne platA was completely L 




at the parts indicated by t 
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black m&rks. This corrosion was supposed to have been going on 
for about three years. 

It is sometimes asserted that corrosion cannot bo the cause of an 
explosion, because the corroded place woald simply give way and 
let off the steam harmlessly, or at least the boiler would not be 
displaced from its seating. When the cori'osion is only local, and 
surrounded by sound plates of sufficient strength to arrest the 
estensiou of the fracture, this may be the 
at Sheffield in 1865, t,hown in Fi^. C9, ■ 




an expiosioa 
a piece of plate 



was blown ont on one side of the boiler, allowing the steam 
and water to escape without displacing the boiler ; the thickness of 
the plate at that part had been reduced to l-8th inch hy corrosion 
in about 1^ years, which had been caused by leakage at the seams 
from inefBcient repair with bolts instead of rivets, and also from the 
moisture having been allowed to be kept against the plate by the 
brickwork. But even under such circumstances, if the piece blown 
out should lie from the bottom, the whole boiler may be thrown 
a great distance by the reaction of the issuing steam, as in an 
explosion at Leeds in 1SG5, shown in Fig. 70. If the corrosion 
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extends for buj length, the first nut is Rlmoat sure to continne a 
« comi>lete exploaioa ia the reenlt. Several of the sraall : 
eiliibited (o the meeting showed the line of fracture in v&riona cases q 
esiilosion. One ehawed the appearance of a pl^ cjrlindrical boilai 
sfler explosion caused by curroBion along the whole length where i| 
iMsted on brickwork ; this explosion occurred ut W]g;an in 18G5, a 
ll« aketch of it is given in Fig. 71. 




• 



Uanj explosions of boilers have bden caused by accnmulatioa q 
Bcurf. The mischief is not so much from scurf being gradua 
deposited all over the interior of the boiler to a daagerons thicknes 
as from the chips off the aides falling in heaps on the bottom. 
plate beneath this accumnlation becomes overheated, becanse not il 
contact with tho vrater, and softens and sinks down into a " pocket,*! 
which if unnoticed will soon burn quite through. If the scurf that 
has caused the mischief is thick and hard enough to resist t 
pressure for a little time, the hole enlarges, until the scurf suddenl 
gives way and allows the contents to issue so violently as to d 
the boiler, or at least to blow the fire out of the grate. Sue 
an explosion at Bilston in 1863, where a large plam cylindriofl 
boiler, 9 ft, diameter, was heated by three large Sres placed side 1; 
dde along the bottom ; and a large " pocket " burst out over the tl 
grate, and scalded the attendant to death. A similar pocket ii 
boiler, 4ft. 6 me. diameter, which exploded at Dudley in 1864, i 
having been at work six weeks without cleaning, ia shown in 
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transverse section, Fig. 72. In thie case the Bouif had I 




Pis- 72. 
Tip the circle of the boiler to a depth of 3 inches at the bottom, 
Be ahowu in the drawing, and was of o. very hard deeeription ; 
and the boiler plate was bent out in a gradual curve, and thinned 
to about -}g inch, the ori^ol thickness being ^ inch. 

The whole bottom of a boiler is sometimes injured, and the plates 
buckled and the seams sprang, from the accumulation of mud. 
One case may be mentioned where the water was very full of mud, 
and the boilers were worked day and night during the week but 
stopped for seveml hours on Sunday, during which time the deposit 
of mud vas BO thick that it did not get thoroughly disengaged again 
from the bottom when the boiler was set to work, but hardened into 
a maaa. Although many of these pockets and injuries to the plates 
may occur without serious damage, they sometimes cause that first 
rent which destroys the equilibrium of tho structure and leads to 
explosion. Some of the specimens of scurf exhibited to the Afeeting 
show that their thickness is made up of email chips, carelessly left 
after cleaning or fallen from the sides of the boiler, as seen in 
Fig. 73, or from cotton waste or other matter left in the boiler 
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and forming a nuclens for the scurf to aocnmulate npon. Otter 
epecimens show that foreign matter must haTs been put into the 
boiler to Bt«p leaking. 

Accumulations of scurf in the feed pipes at the point of entranoe 
into the boiler hafe also caused explosion by stopping the Bupply of 
■water. The same result is caused by the freezing of the water in 
the pipes which are oiposed, and each winter one or two boilers are 
injured or exploded frota this cause, especially small household 
boilers placed beliind kitchen grates. Scurf cannot be considered 
so great an evil ae corrosion, since it can be removed, and if this is 
done in time, the boiler is restored to its original condition. 

The advantage of a pure wat«r, 'which does not deposit scurf, is 
BO great for the supply of boilers that it is always worth while to 
go to considerable expense for obtaining it ; or to take some steps 
for purifying the feed water as much as possible. If it is only mnd 
mechanically suspended, which would deposit by gravity on the 
bottom of the boiler, frequent use should be made of the blow-off 
apparatus. If the impurity is light enough to be carried to 
the Burfaco in the form of scum, the blow-off apparatus should 
discharge from the surface of the water as well as from the bottom. 
If the impurity is chemically suspended in the wat«r, some 
one of the many substances which form the refuse from various 
manofoctures, and which may contain suitable ingredients, should be 
used to counteract the effect of the impurity. Common soda will 
answer the purpose perhaps better than anything else. It must not 
be forgotten howerer that the blow-off apparatus must afterwards 
be used more frequently, to rid the boUer of the foreign matter, 
or the mischief will be increased. In marine boilers, constant 
attention is necessary to get rid of the saline deposit ; and in , 
stationary boilers using impure water an equally systematic attentiovS 
is needed to get rid of the earthy deposit. 



Perhaps no cause of explosion is oftener mentioned than ahortnea 
of water, and this is not unfrequently coupled with turning o 
feed suddenly into an overheated boUer. Many explosions 
been attributed to this cause, when closer investigation would have 
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rcTealed eome Ear more probable reison. For instance, ahortaMS of 
water was stated aa the canse of the ezplosion, at Abcrcam in 1S66, 
of a single-tabe boiler with a very large flue tnbe, which collapsed 
npwarda from the bottom. The top of the tube and the aidco of 
the Bhell hod not the slightest mark of overheating, although exposed 
to the flame of three furnaces, one of which worked through the 
tube, and the others on each side of the shell. In this caee the 
cause of espiosion was clearly the weakaesB of the tube, and not 
shortnesa of water. It ia erroneous to suppose that if a boiler nina 
dry, or if the feed is turned into a red-hot boiler, there must 
necesEaxily be an explosion. If a boiler unconnectfld with any other 
runs rapidly empty, from the breaking of the blow-off pipe or any 
such cause, it will simply get red-hot and eink out of shape upon 
the fire, aa may often be seen, bnt no eiplosiou would happen. If 
the water only falls gradually, as it would if the feed were turned 
otF and evaporation continued, the parta exposed to the fire would 
get overheated as the water left them. K the subsidence of the 
water were very slow, those parts might get red-hot, and bo much 
softened and weakened aa to be incapable of bearing tbo pressure, 
when an explosion would take place, as at Smethwick, in the present 
year, where the flues were set above the water line, as ahowii in 
fig. 74. 




Hg. 74. 



If however the water were turned on again before the over- 
heating had gone bo far, and the feed pipe were, as usual, carried 
down to nearly the bottom of the boiler, the water would gradually 
creep up the heated sidos and cool the plates, the heat of which 
would not be strfficient to cause greater evaporation than the 



J 
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oidinuy safety valves vould carry off. The danger would not 
arise so much from the excess of steam generated by the heat 
aocumnlatcd in the heated plates of the boiler, as &om the iujtuy 
and strain that would be caused to the plates by tbe imdae 
expansion and sudden contraction, especially as this action vould 
take place on only a portion of the boiler. A singular case, bearing 
on this point, may be mentioned. A four-fumace npright boiler, 
lite that shown Jn Fig. 44, happened to run so nearly empty, 
through the accidental sticking of the self-acting feed apparatus, 
that tbe level of the water sank to the top of the hemispherical 
end forming the bottom of the boiler. The feed apparatus tlien 
became released of itself, and, the teed being turned full on, the 
water gradually rose until the whole occurrence was only discovered 
by the leaking at the seams that had been sprung, which caused so 
much steam in the flues as to stop the working of the fiimacea. 
The overheating had been sufficient to buckle the plates, and in one 
place a rupture had almost commenced ; but there was no explosion. 
By way of direct experiment upon this point, boilers have been 
purposely made red-hot and then filled with cold water, without 
causing explosion. 

It has been supposed that boilers sometimes explode Irom 
overheating without the water level being below the usual point, or 
without the accumulation of scurf previously alluded to, but simply 
by the rapidity of the evaporation irom an intensely heated sor&ce 
causing such a continuous current of steam as to prevent the proper 
contact of the water with the heated plate. Such has been the 
cause assigned for the explosion of a throe-furnace upright boiler at 
Birmingham in 1865, shown iu Fig. 75. A piece of plate 
about 3 ft. by li ft. was blown out of the side, at a place where an 
enormous flame impinged continually. The plates had first 
bulged out, and then given way in tie centre of tbe bulge, each 
edge being doubled back and broken off. There was no positive 
evidence as te the water supply ; but the crown of the centre tube, 
which was much above the bottom of the part blown out, remmned 
uninjured. 

A somewhat similar case was that of a large horizontal boiler 



ht Kiddenomster, tbe tube of which collapied in 1866, as shown 
in Fig 76. It was heated by four flunaoea, one of whioh 
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into the tube, one under the bottom, and one on*each aide ; 
and all the furnaces worked into the same end of the boOer. The 
tube was found to have partially collapsed at that end, and the top 
had dropped 1 1 inches. This was repaired in the first instance, but 
was afterwardfl again found injured by overheating, although not so 
seriously. It is very probable that the estremely rapid ebullition 
Irom the sides and bottom, from which the steam had to pass up 
the narrow apac* between the tube aad the shell, produced such a 
foaming that very little solid water could reach the top of the tube 
where it was exposed to extreme heat. 

Many explosions have been attributed to deterioration of the iron 
through long use, aa in an explosion at Durham in 1864, and another 
at Haswell, near Sunderland, 1865, where the boilerB had worked 
constantty for 25 and 30 years respectively. Whoa an esploaion 
arises from the failure of a plato whioh haa not been properly welded 
in rolling, there ia no question that it waa unsound when put in. 
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and eaoaped notice ; but when the plate that &ila is found to W 

brittle and of bad iron, tbo fault is rather attributed to the effect of 
working thou to original bad quality. Of course this is not always 
the case, as the injury done to plates by overheating has been alreadj' 
explained. Pieces of plate have in some cases been erroneously 
pronounced to be deteriorated by work, which hare beeu taken from 
(ituationa in the boilers where they were not exposed to any action of 
fire that could cause overheating ; and therefore in reality the injury 
could only hare taken place when tJie boiler was being made, 
by burning the iron in bending it to the required shape. A frequent 
cause of fatal injury to boilers ia injudicious repair, whereby 
the crossing of tLe seams is destroyed, as in the explosion at 
Wolverhampton in 1865, previously referred to and shown in 
Fig. 36. Moreover the edges of the old plates, already tried by 
the first rivetting and the subsequent cutting out of the rivets, 
are frequently strained again by the use of the drift to draw them 
up to the strong new plates ; (md many a seam rip is tJiua started 
which ultimately cauaea explosion. 

Many explosions have been caused by the want of proper apparattu 
for enabling the attendant to tell the height of the water and the 
pressure of the steam, and also by the want of sufficient apparatus for 
supply of feed water and escape of steam, or by tlie failure of one or 
, other of these ; but such explosious can only be referred to generally 
in the present paper. The mountiugs on a boiler are usually so open 
to observation, and the importance of having thorn good and efficient 
is so universally acknowledged, that much remark is not needed. 
Mention has already been made of the sticking of self-acting feed 
apparatus as a cause of mischief, and similar failures of floats and 
gauges have coDHtantly happened ; but this should by no means be 
considered to condemn self-acting apparatus, either for assisting is 
the steadiness of working, or for giving warning of danger. The 
spparatuH however should be relied on for assistanoe only ; aad an 
attendant cannot be called careful who leaves a boiler dependent on 
such apparatus without watching. The self-acting principle has 
I by the writer applied in a novel and useful way m a 
ieo(HHliiig piMsnie gauge, whidi proved the more interestlDg as it 




had ihovn the actual pressure of Hteam at the time of the eiploaJon 
of one of the boilers vitb which it was connected. 

Among the nomerous boilei explosions that have been attributed 
to ovar-pressure through deficient arrangements for escape of steam, 
in many coses the safety valves have been placed on the steam 
pipes in such a manner that the communication with them was cnt 
off whenever the steam stop-valve was shut, which is just the time 
when the safety valves are most wanted. Safety valves are too ollen 
found needlessly overweighted ; and it is believed that many boilers 
are constantly worked with safety valves so imprudently arranged 
and weighted, that they could not carry off all the steam the boilers 
would generate without a very great lacrease of pressure. 

It is concluded that enough has now been said tfl show that 
boiler explosions do not arise from mysterious causes, but generally 
from some defect which could have been remedied if it had been 
known to exist. It only remains therefore to consider what is the 
most ready and efficient way to discover the true condition of a 
boiler. It has been maintained that this end is best accomplished 
by what is called the hydraulic test, in which a pressure of water is 
maintained in the boHer for a given time at a certain excess above 
the working pressure. This test is undoubtedly useful so far as it 
goes, and is perhaps the only one that can he applied to boilers with 
small internal spaces, such as locomotive boilers, not admitting of 
personal inspection over the whole of the interior ; and it is also 
admirable for testing the workmanship of a new boiler. But on the 
other hand the conditions of a boiler at work are bo different firom 
those which exist during the hydraulic test, that this alone cannot 
be depended on ; tor old boilers have been known to stand this test 
to double their working pressure without apparent iujury, although 
known to be dangerously corroded. The difficulty also of seeing or 
measuring the effect of the hydraulic test upon large boilers set in 
elaborate brickwork is so groat that little practical benefit has 
resulted in many cases. 

It is believed by the writer that the surest way to ascertain the 
true condition of a boiler ia to examine it at frequent intervals in 
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eyery part, both inside and outside ; and as this can only be done 
when both the boilers and the flues can be readily entered, it is 
specially important that facility for examination should be made a 
consideration in selecting a construction of boiler. Permanent safety 
should be considered as an element of economy, in addition to its 
still higher importance in reference to the preservation of life. 
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On the Conclusions Derived from the Experience of 
Recent Steam Boiler Explosions, by Edward B. Marten, Mem. 
Inst. M.E., excerpt Minutes of Proceedings of the Meeting 
OF THE Institution of Mechanical Engineers, at Nottingham, 
3rd August, 1870, Thomas Hawksley, Esq., Vice-President, in 
THE Chair. By permission of the Council. 



The records of Steam Boiler Explosions in recent years are very 
numerous, as the increased attention drawn to the subject in this 
and other countries has placed far more information at disposal ; 
and the experience of the last four years, since a former paper was 
read by the writer on the subject of boiler explosions, has confirmed 
the opinion then expressed, that all boilers, however good in original 
construction, are liable in the course of time to get into bad order 
and explode. The particulars of the explosions during this period 
are given in the Tables appended to the present paper, which show 
the number of explosions due to each cause in each class of boiler, 
distinguishing those of the United Kingdom from those in foreign 
countries. An analysis is also given of the explosions in the last 
four years, showing the causes of explosion of each form of boiler ; 
and also a summary of the causes of explosion under the three 
general heads of — (1) faults in construction or repair : (2) faults in 
working which creep on insidiously and unnoticed : (3) faults which 
might be seen and guarded against by careful attendants. IS'early 
all of the faults in these three classes would have been detected by 
periodical examination. 

In the case of Cornish, Lancashire, and other boilers with 
internal flues, the faults of construction which have caused explosions 
have been weakness in the tubes, combustion chambers, ends, domes, 
or manholes ; and explosions in these, as in other classes of boilers, 
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have also resulted from external or internal corrosion, shortness of 
water, undue pressure of steam, and scale or mud on the boiler plates. 

In plain cylindrical boilers, and others without internal flues, 
explosions have resulted from the boiler ends being made flat, and 
also from frequent repairs producing seam rips, especially in boilers 
having the plates arranged lengthways instead of in rings. 

In marine boilers, weak flues and weak ends have also led to 
explosion, in addition to the other causes mentioned above. 

Locomotive boilers have in two cases exploded in consequence of 
the strains thrown upon them by their being used as a frame for 
the engine. 

Other explosions have resulted from want of stays, and from too 
much heat impinging on some particular part; and in domestic 
boilers from freezing of pipes under pressure. 

Altogether the total number of explosions in this country that 
have been recorded during the past four years has amounted to 219, 
which may be classed under the following heads : — 

Faults of construction or repair 95 

Faults to be detected only by periodical examination 63 

Faults which should be prevented by careful attendants ... 54 
Extraneous or uncertain causes 8 

Total 219 

By these 219 explosions 315 persons were killed and 450 injured. 

The following are the particulars of the construction of the 

219 exploded boilers : — 

Comish, Lancashire, or other boilers with internal flues . . . B4 

Plain Cylindrical boilers or others without internal flues . . . 5i 

Marine boilers 13 

Agricultural boilers 11 

Locomotive boilers 10 

Furnace-upright boilers S 

Crane boilers 6 

Rag steamers, &c , 6 

Balloon and Elephant boilers 5 

Domestic boilers, &c 16 

Not sufficiently described 7 

Total 219 



The causes of tiiese ^19 ezplosionB may also be classed as 
follows ; — 

Wom out, corrodad, or burnt plataa B9 

Ttiidue preasore, OTorlotkded valves, intcntioniil or from raielessncss 25 

Bad cOOBtruction, defectEve fittings ar stays, or wniit of repair . 09 
Shortness of water, formatioa of sculo or mud, or external ttiies 

Bet too high S8 

■^ Eitraneons or uncertain causes 8 

Total SID 

Sketches are given of the most instructive examples of boiler 
explosions during the last four years, which are sufficient to explain 
themselves, with a brief reference to their spcciul features. 

Altliongh the importance of periodical examination as the best 
safeguard against explosion is generally admitted, a great number of 
those who make or use boilers have not at present sufficient belief 
in its importance to adopt this course. Boilers are atill constructed 
or set in such a manner as to render examination next to impossible ; 
and ore continued to be worked without making it the daty of those 
who mind them, or of any one else, to examine every part at 
frequent intervals ' and hence such explosions havo occurred oa 
ehowninFg 1 No 12 1870 u which the or ginal pos t on of the 




IS indicated by the dotted lines It s thought 



by many steam neere that all has been done irhicb ia posaible, a 
tlieir boileTB are the best that can be procured, and are se 
moBt approved way ; and it is toJ^en for granted that such boilera 
should last for many years, under the idea that a good boiler can 
!er explode unless the feed ia neglected. Similar boilers are often 
referred to as having worked safely for ten or twonty years, but it 
i forgotten that they may be exposed to the insidiona action of 




Fig. 2. 

fuiTowing on the inside or channelling on the outside, such oa ct 
the explosions of the originally good boilers shown in Figa. 2, 3, ^ 
and 5, Nos. 35, 1870; 60, 1866; 46, 1869; and 26, 1870. 
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Hnch mischief ariaes &om apecial clasaes of boilers, fittings, C 
Bppaiatns, being looked upon u promiEing permanent safety fra 
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explodoii ; while the ineritable circmnBtanoe is overlcMked that it is 
only BO long as eYeiythlng is maintained in good condition that 
safety is insured. An apparatus, foi instance, for preTenting 
explosion &om shortness of water or orer-pressure, however perfect 




p any such object, would he quite inefficient as a safeguard 
against eaplosion from corrosion, furrowing, channelling, or weak 
construction. It is curious to note how often it is the case that every 
other part of an establishment ia subject to severe and perpetual 
scrutiny, the engines especially being overhauled with the most 
scrupulous regularity ; while the boilers, the very source of the 
power and the heart of the whole business, are left to themselves 
for long periods, even for years, without examination ; and it is too ' 
often only after bitter experience that owners have understood the 
need of this examination. In this, as in many other matters, 
experience has shown that there is no royal road to salety, and 
that imniunity is only secured by unremitting care and constant 
watchfulness. It should never be forgotten that even a good boiler 
can explode ; for however good at the outset, sooner or later the 
time must eventually arrive, when such wear and tear will have 
taken place as will result ia dangerous weakness, unless the boiler is 
CBTofully and systematicully attended to. Although a boQer may 
even last safely for ten to thirty or more years if worked slowly and 
with care, no confidence can be placed in a boiler which baa worked 
so long, unless it is examined in every part. 
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Tlie opinion is more general than many are aware of, ' 
ezplosiona aa a rule are caosed by shortness of water and the si 
turning on of the feed water upon red-hot plates ; and 
appearunccB of injury in the plates from fire, arising in the o 



Fig. 6. 
Qourae of working, have been frequently mistaken for signs i 
overheating from shortness of water at the time of explosion, i 
illuBtroted in Figs. 6 and 7, So. 24, 1R67, and No. 59, 186( 



R 



Fin. :. 

Although boilsra do explode from the softening of the plates i; 
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OTflrheating in consequence of sbortnesa of water, yet it is very 
doubtful whetheir the tuniiitg on of the cold' water at such a time ia 
erer the cause of explosion. The feed water being always 
introdaced at the bottom of the boiler, as in Figs. 8, 9, and ID, 




loot be scattered suddenly near the overheated parts, but must 
nse gradually up the sides ; and the boilor would have gone to pieces 
from the giving way of the softened parts long before the water 
reached them, aa was the case in the explosions shown in Pigs. 11 
and 12, end of 1868. The experiment of injecting cold water into 
red-hot boilers has been carefully tried more than once, without 
producing imy explosion. 

Although it may be too much to suppose that boiler explosions 
I will ever be entirely prevented, it is important that those who have 



J 
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tbe care of boilera should imdentaDd better what are the true 
9B of explosion, in order that they may know what to guwd 
agaiDst in addition to ehortnesa of water. This better onderstanding 



I 




of tho subject has been mach retarded by the supposition that G 
causes of boiler explosions are beyond the comprehension of the boii 
minders ; and still more by the important difforeaceB of opin 
among those under whom they work. Much evil baa resulted fi 
the prom.ulgation of strongly expressed views, which have 1 
founded upoa facta but of too limited extent, and sue! 
become modified by consideration of the facta of a large number m 
Tiiriety of exploBiona. Hysterious theories to account for explos 
have been resorted to only from want of clearer esplanationH. 

Before considering in detail the causes of explosion, it ia 
to recall to mind that beyond questioa there is sufficient accnmulate 
force in any working boOer to cause all the violent effecta of a 
exploBion, if this force be suddenly liberated. In Figs. 13 and 1^ 
18, 1869, and No. 63, 1866, are shown the violent effecta of tl 
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vessels employed for Bteaming rogs, which were filled 
I only. In ordinary boilers however there b preeent, 




besidea the ateam, a qnautity of water heated much beyond the 
atmoepheric boiling point ; and when rupture takes place and the 

Iwnre is suddenly relieved, part of thia water ovaporates, and keeps 
Fig. 14. 
Hie supply of steam to continue the rupture and destruction. 
The explosion of a boiler diflers from the disohargc of electricity or 
lightning, which cleaves tho air and instantly leaves a vacuum ; it 
also differs from the discharge of detonating compounds ■which act 
suddenly and leavo a vacuum ; but it more nearly resembles the 
discharge of gimpowder, which burna sufficiently elowly to keep up 
a continuous pressure behind a projeotile until it leaves a gun ; and 
eaoh cubic foot of water in a boiler working at 60 lbs. pressure has 
been shown to produce in ateam an explosive effect equal to one 
pound of gunpowder. None of the elaborate but unlikely theories 
of decomposed eteam, or of electric accumidationa, suppose a force 
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■0 fitted to CBiiae deetruetion as that coattuiied in tte highly beatvi 
irater existing in all working boileiB. 

The following appear to be the general results to bt 
from the experience of the explosions in tiiis country during t 
last f onr jeais. 

Fin* at to faults of construction which fall under the department 
«rf the boiler maker or repairer. One of the most apparent cauaea 
vf explosion in stationery boilers is the loss of strength occasioned 
Ity frequent repair, not only from the injury done to the old plates 
by removing rivets, but from the vaut of bond in the new work. 




/jal 



Fig. 15. 
This has lead to many of the exploaiona of the Plain Cylindrical 
boilers, such as are shown in Figs. IS, 16, and IT, No. 45, 1869, 
Ko. 32, 1870, and "So. 20, 1870. "Where the platea are arranged 
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loQgitndmally iastewl of in rings, the danger is increased, as then I 
ia less chance of a dangerous rip being aneeted bj a croseed joiiib ) 




Fig. 17. 
If great a niunber of boilers with continuous longitudinal » 
^cielly in the North, have vorked for twenty or thirty years, 
it it can hardly bo supposed they are any weaker than the boilers 
e in ringB ; but they are more liable to explode, far if a seam 
iccure, it more easily extends along the seam, and leads to the 
beral break up of the boiler, shown in Fig. IB, Ko. 59, 1869. 




Fig. 18. 

■■Perhaps no boilers havo worked for a greater number of years 
the Plain Cylindrical boilers, many specimens being in exietenoe 
apparently in good order ■which were put to work fifty or sixty 
ago. When such boQers have been too much or injudiciously 
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repaired, they are treacherous and uncertain ; but their rupture and 
explosion occur not so much on account of fault of shape, as 
from the simple reason that like willing horses they are easily 
overworked. The grates are usually twice as large as the fair 
proportion to the heating surface, producing the double evil of 
forcing more heat through the iron plates over the fire than they can 
transmit without injury, and allowing a great amount of heat to pass 
avvay to the chimney without useful effect. Careful experiment 
shows that nearly as good duty can be obtained with the plain 
cylindrical boiler as with any other form, provided the rate of 
combustion is in fair proportion to the extent of heating surface in 
the boiler. The circumstance that many plain cylindrical boilers have 
exploded is not sufficient to condemn this make of boiler, which is 
the cheapest, simplest, and most easily set. If the number of 
explosions alone were to be taken as the guide, it would lead to the 
condenmation of the Cornish and Lancashire boilers, from the 
experience of the past four years. But in case of both plain 
cylindrical and other forms of boilers, most of the dangers admit of 
remedy, and can be guarded against by frequent examination. 

Five very fatal explosions have occurred of boilers heated by 
Puddling and Mill Furnaces, leading in some cases to the supposition 
that this form of boiler is more liable to explosion than others. 
They were not adopted however in the iron-making districts without 
great care and consideration, and there docs not seem ground for 
attributing special danger to them. The causes of the five explosions 
referred to of these boilers were manifest, and would have led to 
the explosion of any form of boiler ; the loss of life however was 
great, because the situation of the boilers was among a large number 
of workmen. The steam power required in ironworks so far exceeds 
that in any other trade, that an ironwork is half composed of boilers ; 
the workmen are necessarily within the range of explosion of many 
boilers, and hence the great loss of life when such an accident 
occurs. The explosions of such boilers shown in Figs. 19 and 20, 
No. 24, 1868, and No, 31, 1868, were from external and internal 
corrosion respectively of the bottoms, rendering them too weak to 
bear the ordinary pressure. 
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Those sbowo in Figs. 21 and 22, Ko. 23, IB70, j 
and No. 53, 1869, were from the coUapBe of i 




the central tubes, which were weakened by 
external and intomal corroBion respectiveiy, 
la rig. 24, No. 35, 1868, the sheU was in bad 
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to impinge npon a aisgle plate, which resnlted in a seam rip. 

The greatest number of explosions and the greatest loss of life 
and personal injury have been in the case of Cornish and Lancashire 
boilers, or others with internal flues. In the county of Cornwall 
itself there have been many explosions, as often from the rupture of 
the ebell. Fig. 23, No. 58, 1869, as from the collapse of tho tube. 




Fig. 23, 

;. 25, No. 35, 1869. The temporary patching on Bome of t 

d boUers was most extonsivo, Fig. 26, No. 52, 1869, and the only 

mder really was that they held together as long as they did. 

n^e belief that shortness of water is the only cause which can 
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Fig. 25. 

I to the collapse of tubes is so strong, that the boiler minders 
^ve often been condemned almost unheard in cases of explos 
I if there were no room for doubt that their neglect was tiie 
Explosions from weakness of tubes are not however 
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>nfiii(Ml to Cornwall, as for eiample in Fig. 37, No. 42, 
I irliere the flue was oval cmd very woak : althoQgh it ^ 
ttbat ebortnesB of water caused tlta accident, from the idea 
I nothing else could account for it. The strain caused by the t 




Fiff. 26. 

^ temperature of the internal tiibca in Cornish or Lancashire boil^ 
and the difficulty of staying their flat ends so aa to make then 
sufficiently securo without being too rigid to allow for the espan 
of the tubes, render them liable to corrosion or "flirrowing" 

I particular lines of strain, the dcstructire action of which is y 



Fig. 27- 

L rapid ; while the large quantity of brickwork around the outsidd 
I aecessary to form the esteraal flues, also renders them liable 1) 
FeorroBion in the parte most dif^cult of access. In this fayour 



n of boiler therefore careful and frequent examination in tvery 
B more needed than in hoilcre of simpler form and setting ; and 
^e increasing number of explosiona among the»e boilers eeems to 
eBtflbliah that they are only trustworthy if frequently examined 
and kept in perfect order. 

Several instances have occurred of explosion of Portable Crane 
Boilers, Their Hmall aize has led to their comiition being disregarded, 
under the idea that scarcely any pressure could burst them. In 
practice it is fouu'l however that they are often exposed to greater 
pressure than other boilers, because the fire is large and quick in 
proportion to thoir size ; and they often have to stand for a 
considerable time with the steam up, and their exposed position and 
long intervals of rest add to the chances of corrosion, as shown by 

^^ne example in Fig. 28, Ifo. 14, 1869. The large manholes without 
strengthening rings, that aro so often put in these boilers, have been 
the cause of esplosiona such as that shown in Fig. 29, No. 67, 1866, 






Fig. 29. -RV- 30. 

J remark applies to some of the portable or agricultural 



[ boilers which have exploded, such as those ehown in Fige. ! 
I 81, No. 43, 1868, and No. 12, 18S9. 

Uach nuschief is often caiued by bad imitatioii of veU plai 
Ikdlers. Thus in boilers of the Comish form, the eada are i 




\ eometimes bo rigid as to give no allowance for the oxpanaion o 
tube, and the result ia such continued strain as to cause t 
leaking and the consequent risk of fracture. In furnace boi 
tops of the crowns of the inside tubes are often made flat, a 
Fig. 37, instead of being domed ; or the inside tube is of usdl 
in Fig. 21, No. 23, 1870, 




in made with the omission of the stays that are i 
' peculiarly neoessary in that form, whereby both ends hsTC I 
M bulge outwards with the pressure, as in Fig. 32, 
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Comieli boilers are often altered to the plam cylindrical &um, I 
without compenaation being mode for the loss of strength caused by ' 
the remoYol of the tube ; this hu led to such explosioDB as ahoirn n.m 




Fig. 32, 

ig, 33j No. 47, 1869, where two tubes where taken out, «af 

', 34, No. 42, 1867, where one tube was taken out. One of the 

t frequent and serious eausea of loss of Btrcngth is the repairing 

Kfif externally fired boilers. Not only aro the patches sometimeB 





Fig. 33. I^. 34. ^ 

Y bolted on in a temporary manner, as in Fig. 35, No. 29, 1869, 
t even where they are rivetted on there is on entire want of bond 
r eroHBed joint, as in the case of the exploded boilers shown in 
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Fig. 36. 
An attempt is made in Fig. 38 to show the effect of wear a 
tern of boiler plate in an ordinary upright furnace boiler, anch % 
shown in Fig. 37. The external surfaoe is exposed to intense haQ 
and consequently expands, while the internal surface ia kept oool b 
contact with the water ond expands to a much less degree, 
continued repetition of this process produces the same e^ 




eraoking the surface as that seen in the anvil blocks of i 
hammers ; and the strength of the plate is reduced in proportioi 
the destruction of the continuity of its surface. The deleterious e) 
of this prooe^ is much increased if the boiler is subject to alte 
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heating and atreams of cold air an opening the fire-doora. To avoid 
it the fiame ahonld have room to spread over as large a surfaco as 
possible, withoTit impinging on ana particular point, and the firing 
Bhenld be as regular as possible ; and hence the greater freedom trom 
iignTf in boilers mechanically fired or heated by gas. The above 
Bctian is qnite distinct Irom the overheating of the plates that 
ocean Then no water is in contact with them, which simply softens 
tiiem and rednces their strength, as in Fig. 39. It is believed that 
many boilere anffer from overheatiDg without beiDg short of water : 





Fif. 40. 

and an attempt is made to show this action in sach on npright boiler aa 
ia repreaentcd in Fig. 37, page 76, by the enlarged sectioa of the side 
shown in Fig. 40. The flame is ahown impinging on a limited surface, 
as hdtoxe, and the ateam rises so rapidly from the inner snrface as to 
tnaintiiiTi a continnouB atratum of ateam between the iron and the 
water, and the plate oonaequently becomea overheated at that part. 
"When the intense flame subsides by an alteration of the working of 
the fiimace, the stream of steam diminishes, and the water returns 
and suddenly cools and contracts the plate, but often not before it 
has commenced to get out of shape. This has perhaps led to the 
explosion shown in Fig. 59, No. 37, 1R68, page 82. The same 
flung may happen to the crowns of tubea of internally fired boilera 
when over fired, as in Fig. 41. Success haa attended the nse of 
internal lininga to boUers, arranged ao aa to ensure a rapid circulation 
over the most heated parts, and also to catch all the mud and 
looae scale. 



In order to enable boiler minders to make proper penod 
[ exanuoations, it ja necessary that cart, should be taken to ai 
[ both the boilers and the flnp= ivith flnt view and this can b 




without matenally injuring the efficiency ot the boiler, 
I plain oylindnc d bailors can be entered easily, as in Fig ' 
I and although tho imall space" between the tubes and the ( 





I\f/ 41 Pig 42 

Comish and Lancashire Boders, as shown in Fig 43, i 
complete examination troublesome, thore is no difficulty in s 
those parts moat likelv to need eiammation, such as the crownjj 
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the tubes and the end plates and angle iron. It is in the external 
flaea that greater accommodation is needed, as in many cases these 
aro so narrow that the boiler is qnite inaccesaible without pulling 
down the brickwork, as in Figs. 44 and 46. The loss of heating effect 
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oansedby the nee of -wider flnes is so little, thit it ii iar oiitwcighed 
by the greater security obtained from the more efficient examination 
that is thereby rendered practicable. The flues of the plain cylindrical 
boiler are easily made wide enough for a man to pass through them. 
The fines of Comieh and Lancashire boUois should be made as shown 
in Figs. 46 and 47, so that a man can enter them without such 
inconvenience as in Fig. 48. One point of danger being the use of 





wide mid-feather walls, on whiih corro=Lin is apt to tike place, 
these should be narrowed and the weight ot the boder supported on 
side brackets ; the top of the mid feather and side walls oan then 
be coaatmoted with sight holes as at A A in Figs 49 and GO, so as 
to give the means of examining the plates near each seam by simply 
removing loose bricks. 

The exijlosions of fourteen Domestic or Heating- Apparatus 
Boilers are included in the list of explosions. Table III ; and some 
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notice ia required to be token of these, because they have led to % 
loss of the lives of those who could not be expected to know t 
constraction or how to guard against accident ; and aa these boi 
are seldom seen or examined after the;^ are once set, they should bfi 




the more carefully constructed In one or two cases these boilere 
were of a rectangular shape, as m Fig 51, No 41, 1868, ill 
adapted to bear inttraal pressure, and yet placed in connection with 
cisterns in the roofs of lofty bouses, ho as to expose them to a 
hydrostatic pressure almost up to their bursting strength without any 
addition of steam pressure. The most usual cause of explosion ia 

^i ^* 

Fif. 51. Fig. B2. 

the lighting of the fire during frosty weather in a house that has 
been left vacant, so that steam pressure accumulates in the boiler 
whilst the exit is frozen up, as was the case in Fig. 62, No. 6, 1870. 
The cast-iron boilers commonly used. Fig, 53, end of 1869, are 

liff. S3. ^^^^H 



capable of bearing but little pressure ; and t 
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as Id Fig. 54, No. 7, 1870, are found often so badly welded aa to be 
l)ut little etronger ; but even if they were as etroog as they oould be 
made, the stoppage of the pipes by ice would lend to explosion. 
Steam pressure may ho guarded against by a safety valve ; but as 
this may become set fast in a little time, it would be fur better to 
avoid all chance of steam oocumulatiou by euuh an arrangcmeiit ss 
that shown ia Fig. 59, where the circulating boiler is placed within 





I 
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an open-topped boiler behind the kitchen fire, and only ri 

heat tirough the hot water surrounding it, and therefore cannot 

itseli become sufficiently hot to generate steam, 

A few remarks may be useful aa to those faults arising in 
working which fall under the department of the boiler minders, 
Xot a few of the explosions during the lost four years have occurred 
&am acts of simple carelessness, such as where a blow-off pipe was 
left open, so that the boiler was nearly emptied of water while at 
■work ; or in another case where two boOers were fed at the same 
time through a common pipe without a back valve, and the water 
from one " kicked " over into the other. Fndue pressure has been 
allowed to accumulate by safety valves being tied down, aa in the 
agricultural boiler, Fig. 56, No. 16, 18(i7 ; or by an extra weight 
being put upon the safety valve, as in on instance where three bricks 
were fastened to the lever and the fires were lighted earlier than 
usual, under the idea that on accumulation of steam could be raised 
during the night to make a good start in the morning. Another 
explosion was caused by working a boiler at more than three times 
its proper pressure to meet a temporary emergency, In not a few 
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oases of eaploeion there was no preseure gauge on the boiler, or Q 
gauge was out of repair in consequence of being placed on the ste 
pipe, so that it vibrated with every stroke of the engine ; as ia ti 
examples shown in Figs. 24 and 16, No. 35, 1868, No. 32, ISl 
pages 70 and 74. 

Corrosion has been the direct cause of many of the eiploa 
In one or two cases the corrosion was known to exist, but i 
renewal of the boiler was too long delayed, as in Fig. 57, No. 8, 181 
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in others it t«ok both owners and minders by surprise, as in Fig. I, 
No, 12, 1870, page 63. It is said that to produce rapid mating of 
iron there must bo present oxygen, water, and carbonic acid ; and 
as all these are present in a boiler fine when there are leaks, it is not 
I Burprising that so many oaaes occur of explosions from corrosion. 

Vnoh mischief is oft^n done by the injudicious use of oompoaitioiiB 
in the boiler that are designed to prevent incrustation, especially 
where there is no blow-off cock or where its use is neglected, A 
hard deposit on the boiler plates ia, in the writer's opinion, not bo 
injurious as the soft and muddy deposit produced by the use of aoch 
compositioas. A hard scale is equivalent to thickening the plate; 
and although this ia sufficiently mischievouB, the injury to tho plates 
is much more rapid when a thicker but spongy deposit entirely 
prevents contact of the water and impedes the transmission of the 
heat. An attempt to illustrato this is given in Fig. 58, which is en 
enlarged view of a portion ot suob a ^oiieT bk ia %1i.(j'«n. in Fig. 37. 
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The moxiej spent in boiler compositions would be better applied in 
securing a supply of proper water, or in filtering and purifying the 
water before it enters the boiler. 




Fig, 68. 

The writer has had to mention only faults in boilers ; but it is 
not to be inferred that all boilers are working in actual danger. 
A very small percentage perhaps are so ; but without periodical 
examination no one can feel sure of the condition of any boiler. It 
is not likely that explosions in future will be from exactly the same 
causes as those now described, because the known faults will be 
avoided. Por instance no new Balloon, Wagon, or Butterley boilers 
are now made ; and the peculiar faults and the weakness of the 
tubes in Cornish and others of the better classes of boilers are now 
BO weU known as to be generally avoided; and as information 
spreads, many evils will become things of the past. 

As periodical examination has been so strongly advocated, it 
might seem natural to desire that it should be enforced by 
government authority ; but this is by no means recommended. A 
select parliamentary committee has been recently investigating the 
subject, with a view to ascertain whether that would be desirable, but 
has adjourned for the session without coming to any decision on this 
point. Even if a perfect system of government inspection could be 
contrived and perfectly administered, it would have the effect of 
taking the responsibility from the owners, who are the natural 
guardians of the safety of their boilers. Although the loss of 70 lives 
per annum by boiler explosions is sufficiently deplorable, the deaths 
by railway accidents are more than three time^ l\i^t lixmik^^T \ ^^^ 
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Tery little inspection of railways is lield to be ceeessary, and 1 
inspection takes place chiefly before the commencement of workingM 
after accidents. A ooerciv^e system may introduce more evils than ij 
curea, especially aa ot present so much difference of opinion ( 
respecting the causes of boiler explosions. Is the opinioa of t 
writer, far more real good arises trom the calm discussiou of t 
facts and from the spread of correct information by such societies a 
this Institution, than from enforcing by law any action which L 
perhaps believed by the majority of steam users to be at all a 
or useful. It has been at times suggested to increase the power a 
responsibility of coroners in holding inquests upon those killed b 
-boiler explosions, by requiring them to obtain scientific evidei 
and to insist that the causes of the esplosions shall bo added to tl 
verdicts of juries. But it is believed that this would only eacumbc 
an important institution, because a jury who might well dec 
Tthether a person had been killed by any ariminal carelessnesa wool 
not be a suitable tribunal to decide between possibly confUcti] 
scientific evidence f and also, as an iBijuest may result ia a verdict qi 
manslaughter, the eliciting of information on such an oi 
checked by the natnral fear of inadvertently involving some one )i 
BO serious a charge. The public at large, and steam users generoUja 
would gain more information and guidance from the scientific eviden 
itself than from the verdict of a coroner's jury ; and it is believi 
much good has resulted ia preventing locomotive boiler eaplos 
publishing the reports of the government inspecting engineers, wM 
have gained their knowledge of the facts in conversation with ft 
those concerned, and have added recommendations which have b 
promptly acted upon. 

The writer's object has been that the boilers found 
convenient and best suited for the different purposes for which thM 
are used should be made to work with safety, rather than t 
reliance eltoiild be placed upon the qualities of any particular kind Oi 
boiler or fittings. No form of boiler at present admits of absolBl 
reliance upon its freedom from risk. 

The following general conclasions appear to arise from 1 
consideration of the records of boiler explosions. 
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1. That the force accumulated in an ordinary boiler is enough to 
account for the yiolence of an explosion. 

2. That no form of boiler, however well constructed and fitted, 
is free from the liability to explosion, if allowed to get out of order ; 
and that boilers which bear the hydraulic test may still be dangerous. 

3. That the condition of a boiler can be satisfactorily ascertained 
only by periodical examinations, and that no boiler should work 
without being thoroughly examined at short intervals. 

4. That the cost of periodical examination is so little as to be far 
outweighed by the greater security obtained ; and that the settings 
of all boilers should be constructed with a view to facilitate 
examination. 

5. That the surest way to make systematic examination general 
is to spread as widely as possible correct information as to the facts 
and ascertained causes of boiler explosions, and to inform boiler 
owners and minders what dangers to guard against ; and that this 
is preferable, and more likely to lessen explosions than enforcing 
any system of inspection by legal enactment. 
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BOILEB BXPLOSIONS. 



TABLE in. 

Analysis of Steam Boiler Explosions in the United Kingdom 

during the Four years ending ZOth June^ 1870, 

showing the Causes of Explosion of Boilers of different descriptions. 

K ^ Faults in construction or repair. 

B = Faults which should be detected by periodical examination. 
Q = Faults which should be prevented by careful attendants. 
^ Causes extraneous or uncertain. 
X2<= number of Explosions. El= number of persons Killed . !■> number of persons injored. 

CoBNiSH, Lancashire, or other Boilers with internal flues. 



A^ 



B 



f Weak Tubes 

Weak combustion chambers 
! Weak ends 
I Weak dome 

Weak manhole 
^ Bad repair 

(External Corrosion 
Internal Corrosion 

/ Shortness of Water 
) Scale or mud 
\ Undue Pressure 



E 
26 

5 

3 

1 

1 

3 



K I 

17 41 

8 7 

10 10 




1 
5 




1 
2 



18 42 101 
4 6 



E K 
39 41 



I 
61 



24 46 106 



14 11 

3 1 

4 14 



23 

4 



21 26 27 



E K I 
84 113 194 



Plain Cylindrical, or other Boilers without internal flues. 

r Weak flat ends .. 8 9 12 

Weak manhole . . 10 



Frequent repair producing J 
A •{ seam rip in boilers with \ 15 18 
plates arranged lengthways ) 



2 

28 



Do. with plates arranged ui I g n 25 
rinss .. / 



nngs 

J. ( External Corrosion 
\ Internal Corrosion 

/ Shortness of Water 
C I Scale 

( Undue pressure 



11 


5 


19 


6 


6 


6 


2 


1 





1 


1 





3 


4 


3 



82 38 67 



16 10 26 



6 6 



64 64 06 



Carried forwards 138 167 289 
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Marine Boilebs. 

/ "Weak fluea 

A I Weak ends .. 2 

' Bad material . . 1 



•o ( External Corrosion 
^ internal Coirosion 

- Shortness of water 
LocoMOTiTE Boilebs. 



A Boiler used as frame for engine 2 



{ External Corrosion 



E K 
3 6 



\ 



Internal Corrosion 






»i 



seamnp 

( External Corrosion 
Internal Corrosion 






1 
1 



C 
3 



I 
3 



5 



E K T 

Brought forwardi 13S ItfT i^O 



2 


10 


a 


3 


1 


4 


1 


11 




b2 


1 




2 


1 


4 


2 





3 



# Broken connecting-rod \ i 9 1 
j pierced boiler .. / 

i Dome caught by railway bridge 110 

Uncertain causes . . 2 4 



Agricultubal Boilebs. 

A Weak manhole 

•D I External Corrosion 
^ Internal Corrosion 

Q ( Shortness of water . . 
' Undue pressure 



FUBNACE UpBIGHT BOILEBS. 

!Too much flame on one part 
Frequent repair producing ) 



1 


1 


4 


2 


3 




1 


1 


7 


1 








6 


15 


15 



2 
13 




2 



C Shortness of Water . . 

Elephant Boilebs. 

A Weak ends or want of stays 

B External Corrosion • . 



2 
2 


13 
15 


11 

G 


2 


3 


8 


1 


2 


2 


1 





4 



E K 

G 15 



5 11 



1 11 



I 

'.I 



2 



3 



5 



3 4 lO 



7 15 15 



2 15 



12 37 23 



10 



14 



11 20 29 



4 


28 


17 


• 


2 


3 


H 


8 4G 27 


1 


2 


2 




1 





4 


2 2 6 











Carried fonrards 181 277 888 
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Crane Boilers. 

A Weak manhole 
B External Corrosion 
C Shortness of water 



E K I 

3 7 3 

14 2 

2 2 



E X I 

Brought forwards 181 277 3B8 



Feed-water Heaters. 

D Uncertain causes 

Domestic Boilers. 

A Weak shape 

B Corrosion 

C Undue Pressure from 
freezing of Pipes 

Balloon Boilers. 

B External Corrosion 



} 



C Undue Pressure 



• • 



2 





6 


3 


4 


7 


2 





6 





7 


9 


2 


1 


2 


1 


1 






Boilers of uncertain description. 

A Weak manhole . . 10 



r Steam entered through hlow- ) 
j off pipe from another boiler > 1 1 
Q j whfie cleaning . . ) 

j Steam pipes broken . . 2 4 

(.Shortness of Water . . 11 



3 

4 



D Uncertain causes 







E 

3 
1 
2 



3 
2 





2 
1 



K 

7 

4 
2 



4 




1 
1 



r 
3 

2 





Rag Steamers, &c. 












/ Weak manhole 


3 


2 


5 






A 1 Bad material 


1 


1 


5 






( Want of stays 


1 


1 





6 


4 10 


C Undue Pressure 


1 


2 


6 






- 


— 


1 


2 6 



6 



5 



9 



2 








6 13 



a 



5 



6 6 16 



14 U 21 



Totals 



4 6 
2 


9 
3 


7 6 12 




• • 


• • 


E J?" T 

219 315 450 
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TABLE lY. 

Summary of causes 
of the Steam Boiler Explosions comprised in Table III. 



Gaases of Explosion. 


Number Number of 
of persons 
Explosions. Killed. 


I 

Number of 

persons 

Injured. 


A Faults in constructioii or repair . 

B Faults which should he detected hy ) 
periodical examinatioii j 

G Faults which should he prevented hy ) 
carefiil attendants . . j 

Extraneous or uncertain causes . 


05 
02 
54 

8 


128 

105 

7!l 

3 


107 

185 

84 

14 


Totals 


219 


315 


450 
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BOILER EXPLOSIONS IN 1866. 



XotHnffham. January let. n 

LocomotiTe, 110 lb§., slanding with eteam up nOLr ti platform. 
All but the fire box was blown away, the main portion being thrown 
a distance of 400 yarda. The first rent took place at a longitudinal 
seam of the barrel where grooving had gone on very rapidly, which 
was not diBcovered when examined and teated a ehort time before. 



Ifo. 3. WaUali. 



January 2nd. 




2 injured. 



Jntterley, 2Gfl:. 6in. long, and Oft. diameter. The waggon-shaped 



BOILEB BXPU>SIOMS IN ltl66. 

' top to the fire place was 8ft. 6in. long, aod was attached to the 
bell-mouth of the intenjal tube, which then continued circalar to the 
back of the boiler. Tbe tube was 3h. Gin. diameter. All the 
platee were about 7-16thainch thick, and although the boiler was 
an old one, they were nowhere reduced in thickness bj wear. The 
usual pressure of steam was 18 lbs., and a self- registering goage 
showed that at tbe time of explosion it did not exceed 20 lbs. 

The lop of the fire grate on the right side rent longitudinally, and 
the upper part of the shell couaisting of four rings of plates, and 
also the top of the fire place opened out and blew away to a 
considerable distance. 

The front end also blew away. The l)el1-mouth of the tube was 
blown to the front, and tbe tube which remained in the back part of 
the shell collapsed upwards. 

The canse of the explosion was most likely tbe intrinsic weakneea 
of boilers of this shape, especially over the fire, where the top is 
only retained in its shape by numerous stays. The boUer had been 
very frequently repaired, at this tbe weakest place, and its strength 
had been thus bo reduced as to make it unable to bear even a tew I 
pounds more than the ordinary working pressure. 

The whistle was found to have been gagged by hemp, carefnllf 
inserted, so that there ii ground for supposing there had beoQ 
intentional unfair usage. 



2fo. 3. . Sljftk. (Fig. 2.) January Blh. 



1 killed I iiyured. 




Marine, 20ft. long, and 5ft, diameter, with internal fire place and 



I 



BOILER EXPLOarONS IN 1868. 

return flue, 14 Ibe, There were altogether three rentB in the tube 
over the fire, as a BHitil] band was held in its place hy a stay ^m 
the tube to the shell. The escaping contents scalded those near, 
no damage was done lo anything but the boiler. 

The canae was stated to be shortncsE of water. There > 
no water guage. 



GlasgoK. {Pig. 3.) January 13W. 






4 killed, 4 injured. 



Ifo. 4. London. January 9tA. 

One tube Cornish, 28ft. long, 6(t. 6in. diameter, with c 
I 3-6 diameter, f inch plates, 45 lbs. 

The tube collapsed in an incline direction from weaknesa without | 
strengthening rings. 

I The appearance after explosion was nearly the same as that showa I 
in sketch given at No. 12 explos 
pi. 
th< 




Fv. 3. 



Two tube Comish, 22fl. Sin. long, and 7ft. Tin. diameter, | inch 

plates, tnbes 2ft. 7in. diameter, 40 lbs. 

Abont 8ft. of the back portion of the shell was torn off, leaving 
the tubes and ends intact. 

The cause of the esplosion was considered to be excessive preaanra, 
1)nt how accumulated did not transpire. 

It is most natural to expect that there ranat have been '7orrna!on 
[• mder the bottom to canse the first rent. 



I 



BOILER EXPLOSIOKB IS 1886. 
' >fo. 6. CoatbrUfff. January 11th. 

Comiah. No details have been obtained. 

I JKj. 7. York. {m/. 4.) January 18(S. ! kaied, 2 injurtd 



^ i 

Fig. i. 

Agriunltural, 8ft. 2iii. long, 3ft, Gin. diameter in tha harrd, 
5-16thB inch plates, interna! fire box, 2ft. 4iii. wide, 2ft. 4in. high, 
and 2ft. lOin. deep. From the hack of th:B fire box, two 12-iiicb 
tnbea passed to an iateroal chamber at the back of the harrel. 
From this again passed nine 3J inch tubes to an exterior smoke-box 
fixed over the fire door. The boiler was fitted with one apring safety 
valve, which was screwed down tight, but there was no pressure 
guage. The front plate was intended to be bolted on so that tha 
fire-bos and tubes conld be taken ont for cleaning, hut it had been 
rivetted, leaving no means of cleaning, and it was nearly full 
of scnr£ 

The c]'otni platA of fire-bos which was too fiat and naBtrengthened, 
rent at the front and along both top edges, and was driven into ths) 
fire. The boiler was thrown backwards and reared against 
resting on the front right hand comer. 

The cause of the explosion was that the very dirty state, cam 
overheating where the water was not in proper contact with the 
plates, and the defective constrnction did not admit of propw 
cleaning. The mountings were insufGcient for the proper protection 
of the boiler. 



I 



BOIIEE EXPLOSIONS IN 1866 
Ab. 8. Durham. {Fig. 5.) January 29iA. I kilkd, 3 injurtd. 




Plain Cjlinder Boiler with Lemispliericul ends, 30ft. long and Gft. 
diameter, | inch plates, 30 lbs. It was the second from the eagiae 
in a bed of five, and had been at work three years, then remained 
idle for eight years, working again fourteen years. The boiler waa 
mounted with two safety valves 3J and 4 inches diameter, a float 
and alarm whistle. The boiler had been more than once repaired 
over the fire with several new plates. One seam over the fire had 
been observed to leak about a week before the explosion, but not 
seriously, and had been caulked. The boiler had just been started 
after cleaning. Biz months before explosion, the boiler had heeii 
tested to 69 lbs. 

About 5 feet of the front end of the boiler opened out flat, and 
was thrown to the rear about 60 yards ; the front hemispherical end 
was liberated and thrown 20 yards also to the rear and right hand. 
The back part of the boilec was thrown in a mass, and after 
boanding twice, lodged at a distance of 230 yards. 

The cause of the explosion appeared to be from the fwlure of a 
Beam over the fire place in a plate deteriorated by age, and over- 
heated through a deposit of scurf and mud. 



BOILKIt ESPL08IUNS IM ISOfl. 
97 Sinninffham. {f^. 5.) Fettruary Tth. I kiiled, i mj'urtd. 




I 



Pl«n Cylindrical Boiler, with hemiBpherical euda, 23ft. long, and 
5ft. diameter, | inch plates, 50 Ibe. It was set so aa to be fired 
under the bottom if required, hut the grate was seldom nsed. The 
principal heal was supplied from a mill furnace, the neck of which 
was at the left hand of the back, and the flame was carried by a 
wheel flue round the front of the boiler to the stack on the right 
hand aide of the hack. The boiler was fitted with a 4i-jnch safety 
valve, and also a float, but it vraa enepected that the latter haA I 
broken from the rod. 

A horizontal seam about the middle of the loft hand side had 
pven way, and the upper portion of the 3rd and 4th rings of plat«s 
had spread out like a lid without being detached from the boiler. 
The front end became detached and was thrown some distance to 
the front. 

The cause of explosion was, that the left side of the boiler became 
overheated, and so much softened, that it first bulged outwards with 
the ordinary working pressure, and then rent open. The over-heating 
was most likely the result of shortness of water, but it might possibly 
have been in consequence of the intense heat of a mill fiirnaoe J 
impinging on a small area so near the water line, leading to Buoh i 
ra^d ebullition as to prevent snfEcient contact of the water to keep I 
the plates coot. 



BOILEE EXPLOSIONS IN 18M. 




^^ 


■o. 10. Dunm. February Mth. 




1 injured. 


Locomotive. It exploded while standing in 


a shed, 


but no 


trtioulare have been obtainod. 







^o. 11. Middleslni'. February 2G(/i. 1 injura 

Marine, in a Hmall tug toat, but no details have been obtained. 



Ko. 12. GainOr^ {Fig. 7) February 2Gih. 



1 injwrad. 




^^^tS^ftibe Comiah, 21ft. long, 6ft. diameter, with one* tube 
2ft. llin. diameter, plates f inch, 64 ibs. There were no strength- 
ening rings on the tube. The boiler was second-hand, and had only 
Nirorked a part of a day at its new position when it exploded. 
L The tube collapsed &oni weakness without strengthening rinp. 



No. 13. Eedruth. {Fig. 8.) March Srd. 



1 kiUed. 



■ 




Rg- 8. 



One Tube Comisb, 31ft. 9in. long, and 5ft. Sin. diameter, tube 
Sft. Sin. diameter, | inch plates, 40 lbs. 

The tube had been repaired with a. bolted patch on the left Bide 
the day before the explosion, and it is presumed it was slightly out 
of the circular shape, as it oollapaed sideways, the top being thrown 



^^^^^^B BOILEB EXPLOSIONS IN ISG6. ^^M 


vp tUxrre its proper height. There was no eyidenco of shortneis 1 


of water. 


^^ The tube without strengthening rings was too weak to enstain 


the oidinory vorking pressure. 


Ko. 14. London. March 5th. 7 iojurd. 


Cornish, at 27 lbs., bnt as the boiler was not injured, it is only 


noticed as an exploaioa, becaose of the impradence of placing 


fittinge in such dangerous positions. The boiler was beneath a wort 


room, and the lever of the safety valve became displaced, aUowiEg 


the valve to blow out, and the escaping steam rushed into the room 


shore and scalded seven men veiy badly. 


JVb. 16. Maneheiler. March Rth. I MM. 


This was a Boiler with two internal fireplaces, connected into one 


flue at the back. 


The crowns of both furnaces were collapsed, and slightly rent, 


and the escaping steam and water scalded the attendant. 


The water was 8 or 9 inches below its proper level, allowing the 


fnniace crowns to become overheated and unable to bear the 


working pressure. 


Each furnace had been fitted with a fusible plug, but they 


proved inefficient. 


^M Ko. 16. Norioich. [Fig. 9.) March I3lh. 1 killed, I injurtd. 


b jeA 1 




^H Thia was a very small boiler, 8ft. long, and 3ft. 24in. diameter, 


^H with two small tubes. It was fired eitemally. 



BOILEB EXPLOSIONS IN 1886. 

The dome wae blown off and the rents continuing, the top opened 
out on each eide, and the upper portion of hoth back and iront 
was bent bock. 

The dome cut away the whole of the top plate, and bo much 
reduced the strength that it would not bear the ordinary Torking 
pressure. 



Xo. 17. Dudleff. (JP<V, 10.) March \9th. 




injured. 



Plain Cylinder Boiler, 36ft. long, 6ft. 6in. diameter, 60 lbs. 
It had frequently been repaired over the fire, so that the longitudinal 
Beams ran for several plates without break of joint. A patch 
had been put on a few days before explosion, and as the riret holea 
had badly fitted, there had been much strain caused by drifting, 
and the rirets were much distorted. 

A longitudinal seam gavo way over the fire, when two rings of 
platee opened out, reading the transverse seams at each aide until 
completely separated, and fell in two parts at a distance of about 
100 yards iu front of the boiler The front end was liberated and 
fell in one piece about 100 yards beyond the two pieces of the shell. 
The main body of the boUer was driven back a few yards and 
rolled over bo as to be up-side down, but was little injured. 

The frequent and badly executed repair over the fireplace, had 
60 weakened the structure as to make it unable to bear the very 
high ordinary pressure. This frequeat repair over the fireplace 
had been made necessary by very hard firing and deposits of scurf 
from muddy water, preventing the proper contact of the water with 
the plates. 



BOILER EIPLOSIOSS IN 186B. 



>. IB. iMerpooi. 



March "i^nd. 



I mi. < 

I wiacliei 



i was a small Boiler to supply etcam for soi 
ird a steam boat, and exploded from the t 

upper tubCB tirough shortneBa of water, or from over pressure 

oomequenoe of having only oae safety Talve. 



ae 




I 



Fig. 11. 

Two Tube Cornish, 24ft. 6in. long, 6ft. 6iii. diameter, tube* 1 
2ft. Bio. diameter, f inch plates, 54 lbs., fitted with Bteam. guage, 
blow-off oouk, l^ inch dead weight safety valve, loaded to 54 lbs., 
and 4g inch lever safety valve, loaded to 62 lbs., and had been at 
work about five years, 

nearly the wholo of the two back rings of the shell were t«ni o 
and opened out, and the boiler was turned partly rotmd, and more 
upon its scat sideways and forwards. 

There was extensive corrosion at the under side of the bade 01 
shell, where the first rent took place, caused by the leaking of t 
joints and seams, 

JTo. SO. Swansea. {Fig. \2.) April ith. 5 killed, 4 i/fjured,^ 

One Tube Cumisli Boiler, 30ft. long, and Tft. diameter, tabAfl 
■lightly oval about 4ft. diameter, -fg inch plates, 43 lbs., fitted widll 
3^ inch safety valve, which ia much too small for such a boiler, j 
gloss water goage, two guage cocks, and pressure guage. 



BOILEE EXPLOSIONS IN 1866. 



The tube coUapaed from end to end. The front end waa Hown 
out with a. short leagth of the tube attached, and was driven against 




fiy. 1 



a wall about 30 yarda to the front. The main body of the shell, 
and the back end, with the collapsed tube within it, were driven 
back against another wall, about the samo distance away. Very 
great damage waa done to the surrounding property. 

The cause of the explosion was the weakness of tho tube of 80 
large a diameter, without strengthening rings, which made it unable 
to bear the ordinary working pressure. It is very probable, 
however, that at the time of the explosion, tho pressure waa con- 
siderably more than usual during the stoppage of the engine, and 
the confusion caused by a man becoming entangled in the machinery. 



No. 21. Morpeth. 



April \mh. 



1 Idlled. 



Plain Cylinder Boiler, 3-lft. long, and 5ft. diameter, f inch plates 
placed lengthways, 33 lbs. 

The explosion took place at a seam in the front part of the bottom 
of the boiler just over the fire. This rupture allowed the aides to 
to expand, until the boiler was completely destroyed and torn into 
seven pieeea. 

The cause of the esploHion was supposed to be tho defective state 
of the seams over the fire, which, being place longitudinally, were 
in the weakest position. 



BOILER EXPLOSIONS IN 1868. 
I JTo-W. fiAijpMil (J^- 13.) April -lyit. 




F,g. 13. 

Two Tnbe Cornish, 15ft. long, 6ft. diameter, tubes 1ft. 8m. 
diameter, 8 inoh plates, 40 Iba. The heat was supplied by two 
fiirnari s, one of which played into each tube. 

The left hand' tube collapsed from shortness of water, and t 
ftway from the angle iron iu the front plate, and allowed \ 
contents to isBue violently and scatter the biickwork, but the hoilapa 
waa not disturbed. 



No. 23. Burnley. April 26(A. 2 kiUsd, 2 injw 

Small internally fired Boiler, 6ft. high, 2ft. 4in. diameter, 

was intended to woik at 70 lbs. The fittings were defective, 

spiral spring of tho safety voire being most easily altered, so a 

cunae over pressure. The manhole was not strongtheued by 

ring, and the first rents commenced at that point. 

The cause of the explosion was over pressure and defectiTe 

construction. 

The sketch at No. 57 explosion in this year, is of a similar boileCj 

which exploded &om nearly similar causes. 



J 



No. 24. Biltton. [Fig. 14.) May 13(A. none injuri 

Balloon or Haystack Boiler, about 16ft. diatieter, -^ inch plates, 
and worked at very little above atmospheric pressure. 

The boiler was chiefly used to store water during the time another 
holler by the side of it was emptied. When the water was reij^uired 
to refill the other boiler, a fire was lighted under the balloon, and 
enfficient steam generated to drive the water from it into the other 
boiler. The safety valve never being used, it had become fast, and 



BOILEE EXPLOSIONS IS IB66. 

a, little more steam than usual bud accumulated, the bottom gave 




lig. 14. 

way, and the reacdon of the issuing contents made the boiler nae 
horn its seat, and it fell on its side at some distance away flattened, 
by the faU. 



Ifo. 25. tTfs/hromicieh. {Hj. 15,) May 25W. 




injured. 



^p I'iff. 15. 

One Tube Cornish Boiler, I5ft. long, and 4ft. 6in. diameter, taper 
tube, 2ft. 9in. diameter in front, and 2ft. diameter at back, J inch 
plates, 40 lbs. The boiler re.sted on two walls forming the bottom 
floe. There was a safety valvo, a glass water guage, a pressure 
gnage, and two fusible plugs upon the tube. 

Two loDgitudinol rents took place on the under aide of the shell, 
allowing two strips, forming the central part, to open out by the 
contmnation of the fracture, until they were blown tfl a oonsiderable 



BOILER EXPLOSIOSS D( 1866. 

The tube with the front end, and one ring of the shell 
were thrown to the front, while the back end was thrown to to 
rear, the smallest end of the tube having torn away from the back. 
The shell was deeply corroded where it rested on the side wallj 
of the bottom flue, and the strength of the boiler was therely m 
much reduced, that it was nnable to bear the ordinary working 
pressure. 



No. 23. Halifax. {Fig. 




1 hM. 






Fig. 16. 

One Tube Comiab, 24ft. 6in. long, and 5ft. diameter, taper tube, 
slightly oval in the front, 2ft. Sin, diameter, and 2ft. diameter at 
the back, f inch plates. The boiler was fitted with glass water 
guage, float, self-acting feed apparatus, and safety valve loaded to 
52 lbs., and also a mercury guage. 

The tube collapsed over the fire, a rent taking place in the second 
ring of plates. The issuing steam and water caused the death of a 
man in front, but the shell of the boiler was not injured or moved. 

The cause of the explosion was Bbortness of water, and as the 
glass guage was set unusually low, the man in charge may have 
been deceived. The oval shape of the fii-eplace, and the laminated 
iron, as shown in the fracture, rendered the tube peculiarly liable 
to collapse. 



So. 27. Durham. Maij 2Gt!,. I Mled. 

Plain Cylinder Boiler, 34ft. long, 5ft. diameter, § inch plates, 
45 lbs., fitted with two 5-inch safety valves, and 2 floats. 

The boiler was torn in two pieces, that were thrown to a con- 
siderable distance. The first rent had taken place immediately 
over the fire. 



BOILEK EXPLOSIONS IN 1S66. 

The cause of the explosion waa the weakening of the shell by 
frequent repair over the Are, rendered necesfiary by the deposit from 
the muddy water preventing proper contact of the water with 
Qie plates. 

No. 28. Durham. May 2-th. 1 kOhd. 

Plain Cylinder Boiler, 32ft. long, 6ft. diameter, f inch plates, 
35 lbs., fitted with two safety valves, two floats, and two alana 
whistles. 

The boiler was lifted from its seat, and one end waa separated 
and thrown to a considerable distance, 

The cause of the explosion was weakening of the shell from 
repair a few days before, and perhaps over preaaure, as the guago 
was found some time after, and indicated that the pressure bad at 
some time exceeded SO lbs. 

Ho. 29. Bedrutli. May 28tA. 1 killed, 4 injured. 

One Tube Cornish, 30ft. Sin. long, 6ft. Sin. diameter, tube, 4ft. 
diameter, -^g inch plates, 40 lbs. 

The tube collapsed, and rent, aud the issuing steam and wat^r 
scolded those near, as it was too weak to bear the ordinary 
working pressure. 



Wo. 30. LeicesUr. (tig. 17.) May 31k;. 



I killed, 1 injured. 




^^^Tlain Cylinder Boiler, with dished ends, and only 4ft. 2in. long, 
and 2ft. 6in. diameter, \ inch plates. It waa most inefficiently 
mounted, the safety valve was only l|-inoh diameter, and of such 
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fiinlty conBtruotion, that it ipould not open under a presBore of 
162 lbs. There was no et«am giiage or float, and the guage cocks 
irere defective. There was ao means of putting wat^r in the boiler 
when there was a preesure of steam. The manhole was very large 
for so small a boiler. 

Four rents etarted from the manhole and continued along the top 
of the boiler and round the end seama. A tongue-shaped strip of 
the top plate w&s attached to the back end plate ; tvo strips about 
a foot wide on either side wero blown away. The boiler had been 
turned nearly round in its flight, and feU with the back about 
12 feet from the original position of the tioai. 

The boiler WQB wort od until it waa nearly dry, and, during a 
temporary stoppage of the engine, an accumulatioa of steam, caused 
a greater pressure than the boiler could bear. 

Ko. 31. Sewcattle. June ~th. none injured. 

Marine Boiler in a Tug Boat. 

The boiler was blown completely out of the Teasel, and the 
greater part of it fell into the water, and a large piece alighted on 
ft crowded quay, but without doing any damage. 

The cause of the esploajoa was supposed to be over-pressure 
during a temporary stoppage of the engine. 




Agricultural, of about 7 horse power. The barrel of the boOei 
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-was 6ft. lin. long, 2fb. 5iii. diameter the fire-box end was 3ft. 
wide, and 2fb. 4m. deep,; the fire-box was 2ft. 5}m. wide, and 
2ft. 7in. high, and 1ft. 9^in. deep, with 23 tubes passing from it 
throngh the barrel to the smoke box and chimney. The boiler was 
fitted with a 2in. safety valve, which was intended to blow at 45 lbs., 
but as there was no ferrule, it is supposed to have been screwed 
down to a much greater pressure. 

The upper portion of the shell over the fire-box rent through the 
manhole, and allowed the shell to open out and fall on each side. 
A large portion of the front plate was also torn off. 

The cause of the explosion was the weakness of the manhole, 
which was not strengthened by any ring, and also excessive pressure 
from want of proper safety valve. 

No, 33. JBreage, June llth, 1 kiUed. 

Cornish Boiler, 36ft. 6in. long, and 6ft. diameter, f inch 
plates, 45 lbs. 

The tube collapsed and rent, and the issuing contents caused the 
death of the attendant. 

The weak tube of such large diameter, \vas unable to bear the 
ordinary working pressure, having no strengthening rings. 

No. 34. Nottingham. June 19th. 2 killedf 4 injured. 

Locomotive, i inch plates, 140 lbs. 

The explosion occurred at the left hand side of the ring of plates 
in the barrel next the fire-box, and below the foot-plate. The rent 
tore along the edge of the lap and into the next ring of plates. 
The reaction of the issuing contents threw the engine off the rails. 

The cause of the explosion was partial corrosion at the point of 
rupture and strain of the plates, as the boiler itself formed part of 
the &ame of the engine. 

No. 35. JRichmond. June 26th. 2 injured. 

Locomotive, being tried for the first time. The funnel came in 
contact with a bridge, and the dome was also torn off. 
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No. 36. Ottuubro* June 29th, none injured, 

No details have been obtamed. 

No. 37. Durham. July 2nd. 4 JsML 

Plain Cylindrical Boiler, 30fb. long, and 6f%. diameter, f inch 
plates, 28 lbs. It had been repaired a short time before the 
explosion, with 5 new plates. 

The boiler was torn up into several pieces,^ but the main portion 
remained flattened out on the seating, while some smaller pieces 
were sent 250 yards away. 

The cause of the explosion was the deterioration of the boiler, 
and its frequent repair over the fireplace. 

No. 38. Liverpool. June \2th. 4 injured. 

Elephant Boiler, 20fb. long, and 4fb. diameter, g inch plates, and 
worked at low pressure. The bottom shell had a tube through its 
whole length. 

A rent took place in the lower part of the fireplace, and extended 
along the bottom, and the reaction of the issuing contents caused 
the top to rear up. 

The cause of the explosion was supposed to be that the bottom 
plates were worn too thin to bear the ordinary pressure. 

No. 39. Sheffield. July 4:th. none injured. 

Two Tube Cornish Boiler, externally fired, 30ft. long, and 6ft. 
diameter, g inch plates, 40 lbs. 

The second seam over the fire gave way, and the plate sank down 
upon the fire. 

The cause of the explosion was the deterioration of the seams 
over the fire, in consequence of the deposit of scurf which could 
not be properly cleared off owing to the internal tubes. 

No. 40. Oldham. July l^th. none injured. 

Boiler, with two internal furnaces, 9ft. 6in. long, and 2ft. llin. 
diameter, g inch plates, oniting into one tube beyond. 
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The fnrnace crown coIlapBed near the front of the boiler. 

There waa an extra weight cpon the safety valve, and the steam 
valve W88 left closed, bo that more pressure accumulated than the 
"boiler could bear. 

No. 41. Oxford. July 23rd. 3 injured. 

Eag Boiler, not used for the generation of stefim. It waa a plain 
cylinder, with hemispherical ends, about IGft. long, and 7ft. diameter. 
There was a neck at each end upon which the boiler reTolved, and 
through one of these the steam was admitted to a pressure of 30 Ihs., 
in order to assist in cleaaing the Tags. There was a large manhole 
for filling and emptying. 

The boiler rent in the middle, and each half was blown to 
Bome distance. 

The manhole was so large, that the strength of the boiler was too 
much reduced, and the constant strain of revolving caused a central 
seam to give way at the ordioary pressure. 

The sketch to ^o. 63 is of a similar boiler. 



i.42. TjimlaU. {Fig. IS.) July 28lji. 




2 killed, 7 injured. 



ioiler, 3€ft. 6ia. long, and 6ft. 9in. diameter, ^'^ ioch plates, with 
flat back and hemispherical front end, 36 lbs. A tube 3ft. Sin. 
diameter, passed from the back end nearly to the front, and returned 
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e back end, bnt of 6 incbes leea diameter and tbea passed to an 
iron cbimney. Tbe fire grate was benealii the hemispherical end. 

The angle iron of the flat hack end gave way, and sepai-ated from 
tbe shell and with the tubes attached was blown to a good distance, 
and the reaction drove tbe shell far in the opposite direction. 

The cttiiBB of the explosion was the bad construction of the boiler, 
BB the hack end waa qnjte unsupported, its there were no stays, and 
the bend of the tubes was not attached to the shell. 

An adjoining boiler which was beiog cleaned inside bj two men, 
was rolled off its seat by the force of the explosion. 

Ko. 43. Widties. August 2nd. 2 killed, 6 injured. 

Plain Cylindrical Boiler, with flat ends, 23ft. long, 5ft. Sin. 
diameter, g inch plates, 40 lbs. 

Both the flat ends were blown out, and tbe first ring of platfis at 
iLe front end torn off. 

Tbe cause of tbe explosion was the weakness of the flat ends 
without stays. 

No. 44. Sunderland. August 7th. 1 kilted, 3 mjured. 

Locomotive, 13ft. 4in. long, 3ft, llin, diameter, with 140 2-in. 
tubes. Tbe fire-box was 4ft. 5in. long, 3ft. Gin. broad, and 5ft. deep, 
and made of copper, ^ inch thick, 100 lbs. It was fitted with two 
4-in. safety valves, and a steam guage. 

The fire-box gave way about the middle of the left side, 2ft, Gin- 
below the water line, where corroded to | inch, and the issuing water 
and steam scalded those near, 

No. 4S. Rvmam. {Fig. 20.) AugvH ilnd. 3 hOi^, 6 tnjurei. 



^m Ho. 40. uvmnm. (rig. w.) August T^nd. 6 miiea, a truure 
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Marine Mnltitabular, 5ft. Sin. long, and 6ft. 6m. diameter, mth 
two internal tubular furnaces, whicli joined to an internal chamber 
of large size, and email tubes pasBeil to a smoke liox and chimney in 
the front over the fire doors. Both enda were flat. 

The flat back end was insufficiently stiiyed, and was blown 
completely out and torn into two pieces, the lower portion remaining 
in the vessel, and the upper part falling in the water, and the 
reaction of tbe iesuing contents caused the builer to be thrown on to 
the side of the quay. 

Xo. 46. Mull. {Fig. 21.) August 25th. 1 injured. 

One Tnbe Cornish, 24ft. Sin. long, and 6fl. diameter, taper iuEe 
3ft. Sin. diameter, for about 7ft. Gin. in length, and 2ft. 6in. diameter 
for the rest of the length, 33 lbs. 

The tube was mnch corroded, and the fireplace gave way on left 
mde, and was so mnch torn, that the plates were forced out of 
the front. 



Ho. 47. Morecombe. August 27(A. 3 kiUed, I injured. 

Marine, of the usual construction, and had been tested to GO lbs. 

It gave way at the lower portion of the back, and the issuing 
steam and water scalded those near. 

A aeam rent, 6fk Gin. long, had not been detected by testing. 

Tttddenhan. August 29th. 2 Jiillcd, 2 injured. 

Agricultural, It burst during a temporary stoppage from accumu- 
lation of steam, causing undue pressure. 
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Xo. 49. QUugou!. Atiguit Slit. 3 hiUed, 6 injurrd. 

Upright Boiler, 36ft. high, 5fl. Gin. diameter, -^ inch plalas, 

45 n«. 

The bottom gave way from shortaesB of wat«r, and the main bolt 
of the boiler was thrown straight up into the air to a great height, 
bot descended again on its seating. 

No. 50. Chatham. {Fig. 22.) September 1th. 2 killed, 30 iryured. 




Two Tnba Cornish, 2-2h. Ion?, 7ft. 
3ft. diameter, ^j innh plate, 60 Iba. 



diameter, Trith tnb^ 
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Some rents took place at the under side of the Bhell, allowing Qm 
central portion to open out and blow away. The portion containing 
the dome was thrown to the left, and the other to the right. The 
tront end, with. 3 rings of the sheil, with tho tubes and hack end, 
were but little moved from their original position. The tubes were 
dented in on the top and bottom, by tie fall of some large coping 
fitones upon them, but the crowns of tho fumacea were uninjured, 
and there was no sign of shortness of water or overheating. 

Extensive corrosion on the under side of the shell, where it rested 
on the brickwork, had so reduced the strength, that it was unable 
to bear the working pressure. 

In the sketch the fragments are drawn so as to sliow their position 
when in the boiler. 

No. 51, Newark. Sfptember 21st. none injured. 

One tube Comiali. The tube collapsed from shortness of water, 
and the escape of the steam and water blew off the door frame. 



So, 22. Athlon, Seplembtr 2^rd, 1 iajurei. 

Plain Cylindrical Boiler, 7ft. long, and 2ft. diameter, { inch plates, 
30 lbs. 

The upper part of tlie boiler at the first ring of plates was torn 
off, and the front end was blown out. 

Extensive estemal corrosion, where the plates rested against the 
brickwork, rendered the boiler too weak to bear the ordinary 
pressure. 



Noricieh, 



.) September 2ii(!i. 



2fo.£ 



Fig. 23. 
IvCtae Tube Cornish, 20ft. long, 4ft, 6in. diameter, tube 2ft. 6in. 




I 
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clittmeter, | inch plates, 100 lbs. It was double-rivetted, and the 
crown of tube was atrengthened with angle iron. The shell was 
fbrmed of sis. rings, eadi of two platea a!t3mately jointed top and 
■idea. The third ring liBm the front had stripped off, and was 
thrown to the right and forwards against a wall. The lino of rent 
was confined to the plates forming the ring, which was an outer 
one, and ooTered the two adjoining rings in the laps, the rent being 
from the edge of the inner lap to the nearest rivets. The first rent 
had taken place in the solid iron, about 1 inch from the rivets of a 
Bcatn on one side, and from this the rent had extended along the 
seams on either side, and of course the whole ring soon tore off when 
the equilibrium was destroyed by the first rent. 

The fittings of the boiler were sufficient, except that there was 
only one safety valve, and that was so constructed that it covlA 
only open a very little way. 

The cause was a defect in the iron at tJie point of the first rent, 
and accumulated pressure during the time of standing. 

Ife. 64. Maeele^ld. September 25th. none injured. 

Uultitiibiilar Boiler, with large internal fireplace, 60 lbs. 

The fiimace crown became overheated fiT>m shortness of water, 
and was cruEhed down and torn across two seams. The boUer was 
lifted from its seat and thrown back against a stone wall, 



Ifo. 55. Chelmtford. October Stfi. 1 l^ilkd, 7 mjar 

Agricultural, 45 lbs., and had only just been set to work. 
The crown plat« to the fire-box was so deeply corroded from lonj 

wear that it gave way, and the issuing contents scalded those n 



Nil. 66. Oreenurieh. (Fig. 24.) OcUAer 8th. 2 killed, 2 itfjur 

Ifarine, 16ft. long, slightly oval, front end fiat, 8ft. Gin. ' 
7ft, lOin. high, and the dimensions of the bock hemispherical e 
were 2ft. less each way, § inch plates, 26 lbs. There were tw&V 
internal fireplaces, of irregular shape, uniting at the back into o 
flue of similar shape, which did not come to the front, bat pas 
through the steam space, and out at the top of the boiler. 
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"While the vessel was waiting to etart, with steam up, the wing 
iumace of the starboard boiler collapsed on the wing side, as shown 




F,.j. -ix. 



tiy the dotted lines, and allowed the steam and water to escape into 
the stoke hole. 

The side of the furnace next the shell was rent along the edge of 
a longitudinal aeam in n line, which was slightly nicked in the 
canlking. This rent extended about 5ft. Bin. liom the front, and 
then at a cross seam it went along the line of rivets from the crown 
to the bottom of the furnace. Beyond this cross seam the furnace 
was collapsed, until it nearly touched the other side of the furnace, 
and the bulge died away towards the back end. There was also a 
rent in the lower part of the front of the ahell, as shown in 
dotted line. 

The cause of the explosion was the weakness of the shape of the 
flue, which was not stayed to the shell. It had evidently gradually 
been giving way some time before the explosion, and eventually 
collapsed at nearly the ordinary pressure. Symptoms of the same 
alteration of shape were noticed in. the corresponding flue of the 
other boiler. 



ZiBBfJwwi. (JE;. 25.) October 9ih. 7 killed, 1 injured. 

R^Orane Boiler, 5ft. 6in. high, and 2ft. 6in. diameter, with internal 
L fire-box, with two cross tu 
b plates, 75 Iba. 

The outer shell of the boiler was rent into many pieces, leaving 
the central conical fireplace intact. The nature of the rents showed 
that the plate round the manhole, which was unstrenicthened by a 
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ling, lud flnt given wny, and nil the other fracturee had led am 
from that point. This is coofinned by the fact, that the u 



i 



was thrown a good distance, with force enough to make its way 
through the timber walls of a cabin. The &ont plate divided into 
many pieces, and scattered right and left, wlule the back plate was 
thrown through a cabin in the opposite direction to the manhole. 

The central flue showed a slight indication of oTerheating, but 
the conatmotion was auch that the upper portion passed through the 
steam space, and was always exposed to the action of the fire, 
without the protection of the contact of water. The manhole 
without a ring on its edge to strengthen the plate, and held in by 
two clamps, which caused additional strain when careleBsly screwed 
up, was by far the weakest place. The engine was standing after 
a short time of working, and as the safety valve was very defective, 
and could be screwed down until tight, against almost any pressure, 
it is most probable that the pressure mounted much higher than 
usual, when the weakest part gave way, and led to the sudden 
tearing up and scattering of tho whole fabric. 

Faulty construction of both boiler and fittings, rendered it unable 
to hear that accumulated pressure, which the safety valve on^t to 
have made impossible. 

Ko. 58. Durham. October 13th. I fttSei 

One Tube Cornish, 14ft. long, 6ft. diameter, infernal flue 3ft. Sin., 

by 2ft. lOin., # inch plates, 27 lbs., standing on three saddles, ^ 

a bearing suifaoe of 3ft. by 4 inches. 





»B Marine Boilers exploded eimultaneuualy. They were 16ft. 
6ft. 6iti. diameter at the flat front ends, and liomewhat lees at 
flie hemiepherical back ends. Each hod two internal fiieplacca, 
united in one flue, which returned nearly to the front ncd passed up 
through the ateam spuce, and out at the top of shell into the funnel. 
The central fiieplaces were not circular, and the outside fireplaces 
and tlie return flues were Etill more distorted, but the weakness of 
the aliape was somewhat compensated for by stays between the 
tubes, and &om the tubes to the shell. The moimtings to the boiler 
were of the ordinary kind and efficient. 

The under sides of the shells were so deeply corroded that they 
were rent longitudinally for their whole length, allowing the sides 
to open out and tear away from the front ends. Each shell fell at 
a considerable distance. The furnaces, with parts of the front ends 
attached, fell int^ the water, but except one of the side flues that 
was a little collapsed, they were uninjured. Small piecos of the 
front endfi were thrown to a great distance. The sides of the ressel 
were ao completely blown out that she sank. 
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The eoiTosiOTi ttbs no doabt caused by the leak^e of the 
keeping the shells of the boilers constantly ^ret. 

. JVo. GO. Londoa. {Fiff. 27.) November 3rd. 



,el, 
i>y,iirtd. 




fig. 27. 

Agricultural, barrel was 3ft. 9in. long, and 2ft. 6in. diameter, 
70 lbs. Prom the internal fire-box the heat passed through a 
number of 1-inch tubea to the front smoke box and chimney. 

During a stoppage for breakfast, the fire-box end was torn. &om 
ttie barrel, and from the position of those fragments that could be 
found, the boiler appeared to have turned eve r. Part of the fire-box 
■was sent through the stage upon which the boiler was travelling, 
and the barrel with the tubes remaining in it, first struck a rail 
which caused it to be dented in, and then ^reboimded to a point 
about 100 yards from its original position. 

Enough of the fragments were not recovered from the river to 
trace the cause of the explosion, but it is presumed that, although 
■when the boiler was left, only 20 lbs. pressure was shown by the 
gnage ; the fire door being left closed, the pressure must have risen 
to a point much above the working pressure, and to more than the 
I boiler could bear. 

No. 61. Bilslm. [tig. 28.) October Irt. none injured. 

One Tube Cornish, 22ft. long, 6ft. diameter, tube 4ft. 6in, 
diameter, j inch plates, 12 lbs. There vas an unusually large dome 
at the back end, 5ft. diameter, and the whole of the shell was out 
out from under it, so that the construction was peculiarly weak. 



\ 
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The boiler had been off for cieaning, and steam was being got np 
in the night, and it was said that an estra pressure was caused by 




Fi.j. 2S. 



the atop valve being left closed, but it oould not have been very 
great, or the large tube woald have collapsed. 

The dome was split in two, in tho lino marled in the sketch, 
owing to the extreme weakness of the shell at the juncture of the 
dome, and the sheD was a little ruptured on each side of it, and so 
large a rent was suddenly made, that the contents of the boiler 
passed harmlessly into the air, without moving the boiler on its scat. 

I-Jfo. 62. Preilon. (Fig. 29.} November 1 \th. 1 kaied, i injured. 



One Tube Comiah, 16ft 3in long, and 5ft. Sin. diameter, tnbe 
8ft. lin. diameter, ^ inch plates, 60 lbs. 

The tube collapsed from end to end, from over-pressure, as the 
man in charge had fastened 8 bnoks to the lever of tie safety valve 
oauaing 27 lbs. extra pressure, uuder the impression that he could 
thus accumulate a (j^uantity of steam during the night, to be available 
on commencing work on the morrow. 
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JTb. 63. nnmortM. {Fu/. -fO.) November 20th, 



I 



I 



^^^ 



Fig. SO. 

SeToIvlng Steam Chamber, 12ft. 6iii. long, and 5ft. dismtbr, ■ 
12 lbs. 

Tho manbole was large, to facilitate filling and eraptying, enl I 
iras rectangular and unBtrengthcned on the edges, and mw 
3ft. 6m. in length, and Ift. Gin. in width, and the lid fitted onto | 
inside and waa held by clamps. 

The boiler was much out of repair, and a crack shoTro in sketch, 1 
from one corner of the manhole to the commencement of tlie | 
bemispherical end was only temporarily prevented from leaking ^ 
a screw-patch, which did not restore the strength. 

The explosion happened when in revolving, the manlid W*l 
downwards, and the lid was driven nearly through the floor, « 
the shell was rent from opposite comers of the manhole, and tJowl 
through the roof. 

The large manhole cut away nearly aU the strength on i 
and the fastenings of the lid were not contrived to compensate at 
ail for the loss of strength. The constant strain when revolving, 
also tended to weaken it. Those two causes together were sufficient 
to account fcff the explosion, at tho usual working pressure of 12Iba 
although it is possible that it might have been increased to 33 lbs. J 
as that was the pressure in tho boiler supplying the steam, althoug 
the pressure was regnlated by a check valve. 

This explosion (and also No. 41 in this year) clearly show tl 
a mere vessel of steam not exposed to the fire, or any chance of* 
overheating of the plates, can burst and cause very great destruction, 
although there could be no sndden increase of pressure which is bo 
often supposed necessary to account for the havoc caused by ■ 
explosions. 
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2io. 64. Maitehettrr. 






This Boiler waa 28ft, long, 7ft. diameter, made of ,^ inch plates, 
and worked at 50 IIib. pressare, with two internal firepIaceB united 
into one tnbe beyond. 

The sides of the oval chamltet fonning the junction of furnaces 
and tube, crushed inwards, being of euch a weak shape as to b« 
nnahle to resist the ordinary working pressure. 



JVfl. 66. Hull. {Fig. 31.) Decemht 




3 killed, 2 inJHrtd. 



Agricultural, 7ft. 6in. long, and 3ft. Sin. diameter, i inch plat«8, 
35 lbs., fire-box 2ft. long, and 2ft. lOin. broad. Two lli-inch 
tabes led to an internal chamLer at the other end of the boiler, and 
time Scinch tubes led bock again to an external smoke box and 
ehimney fixed over the fire door. 

The bottom of the right hand side lower tube was forced upwards, 
s&d rent along to within 12 inches of the firo-box. 

The tobes were so corroded &om leakage of patches, that they 
vere unable to boar the slight increase of pressure during a short 



ffo. 66. Gloigotc. December ilh. 2 kUkd, 6 injured. 

Two Tube Cornish, 22ft. long, and 7ft. 6in. diameter, tubes 
8ft. diameter, and strengthened with rings in the approved manner, 

^e second from the baclc of the seven rings, was ruptured at the 
bdttom and torn off by a rent through the line of rivets on each 
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nde, amd Qie boOer wm thrown &om its seat, and tnmed 
over, 80 as to lie in a contrary direction to what it was before. 

Extensive corrosion, traia leaking of the seams beneath thi 
brickvork, whoro hidden &om view, was the cause of explosion, 

Ko. 67. WitUnhaa. Detemher 1th. none UBiirri. 

Plain Cylinder, with henuaphericaJ ends, 9ft. long, 3ft Bin- 
diameter, 20 Ibe. 

The boiler waa rent all along one aide, and the reaction rf tb 
issuing contents caused it to be thrown tome yards away, and oaerf. 
the ends became altogether detached, and dew to a oonsidenblt 



The plates were so thinned by corrosion, that they gave way en 
a very slight increase of pressure during a temporary stoppage rf 
the engine. 

Ko. 68. Giaiiffow. December 12(ft. 1 killed, 1 vgiirA 

This Boiler was 14ft. long, with hemispherical ends, and Tft. 
diameter, 30 lbs. 

The cause of the explosion was over-pressure and thinnt 
plates, wasted by corrosion. 



No. 69. Maticheater. {Fig. 32.) December IHh. 
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Both the internal fnmaces collapsed, until the crowns almost 
touched the fire bars, as shown in dotted lines, but without fracture. 
The back of the shell, on the right side, had evidently been over- 
heated, and had rent along the centre of a bulge, and this rent had 
extended along the line of rivets of the transverse seam on each 
ade, allowing two rings of the plates of the shell to open out flat 
as shown. There was a bulge on the plate, on the right side of 
shell, corresponding with the one which parted on the opposite side. 

The cause of the explosion was overheating of the plates from 
shortness of water. 

No. 70. Aberdeen. December 24M. 1 injured. 

No particulars have been obtained. 




A small Boiler to heat a batb. It exploded, causing great damage, 
because the coDoecting pipes were frozen. All such boilers should 
have a proper safety valve. 

No. 2. Durham. (F^. 1.) January 2nd. 3 killed, 3 injared. 




Fig. 1. 

Plain Cylinder, 33ft. long, Gft. diameter, 33 lbs. presaiire. 
set two days, but was old and deteriorated, and had worked before si 
another place. It had been turned i round, and old fitting-hol(( 
stopped, rirst rent was supposed to be in a seam at front end, ayt 
the fire. Main portion of shell was driyen back, and front end 
forward, and torn iu its flight. The cause of explosion was, that 
the seam in front was overheated and injured, and also iucaution»j 
working without a steam guage. 




BOILEB EXPLOSIONS m I8S7. 
(f^- 2.) January 2nd. 1 killed, 4 injured. 




Fls- 2. 
One Tnbe externally fired, 30ft. long, Gft. Sin. diameter, with 
dished ends. Tube 2ft;. Oin. diameter, slightly oTal. Pressure 
60 lbs. Tabe collapsed eidewaya from end to end, because it was 
not strengtheced by hoops or other means, which were the more 
needed, because it was slightly oval, and the longitudinal seams were 
dearly in one hue. 

Ho. 4. Preeltm. January Zrd. 1 kiUed. 

Boiler for heatmg apparatus. Fire was Jighted without noticing 
that as there was no safety valve, and that all escape of steam was 
prevented by the connecting pipes being frozen. 

Ho. 5. Weiierham. Janvary 5th. 1 killed. 

Cast-iron Boiler for heating water for a horse shower bath, fixed 
behind an ordinary fireplace. Burst and caused great damage, owing 
lo the pipes being frozen. There was no safety valve. 

Vp. 6. £arr. January 9th. 1 killed, 3 injured. 

Kitchen Boiler, which burst because the supply pipes were stopped 
bjr frost, and there was no safety valve. 



Ho.l, Z/mdon. January llth. 1 killed. 

Cornish, ISft. long, 4ft. Sin. diameter, tube Sfl. 4in. diameter, 

presBUB 10 lbs. Small piece of plate was blown out near the 

bottom, and the boiler was displaced by the reaction of ii 



BOILER EXPLOSIONS IN 186?. 

oootents. The cause of expIodoD was extecsive esteroal com 
on the lower part. 

So. 8. Preston. January IGih. none injured. 

KitcheD Builer. Buret and did great damage, because pipes were 
frozen preventing escape of steam. There was no safety valve. 

No. 0. Brechin. January 2'iTd, 1 kilUd. 

Kitchen Boiler. Fire bad been out some days, and the boiler 
burst soon after re-kindling it and did much damage, because the 
supply pipes were stopped by frost, and there was no safety valvfl 
&r escape of steam, 

NqAO. 




Fig. 3. 



Plain Cylinder, 30ft. long, 6ft. 2in. diameter. Pressare 30 to 
35 lbs. Bent into four pieces, which were flattened out and scattered 
on to other boilers, hut are arranged in sketch so as to show their 
original position in the boiler. It had worked a very long time, and 

Lwas overheated and injured along the fractured lice. 
Ho. 11. Exeter. {Fig. 4.) January ZQih. 'i killed, 2 injured. 

Elephant Boiler, 1 6ft. long, 5ft. diameter, tubes 1ft. lOin. diameter, 
45 lbs. pressure. Flat end blew out, throwing bcslur upwards by 



BOILER EXPLOSIONS IM I867. 
reaction, bat shell and tnbes were not injured. The flat end was 




So. 12. GlaigoK. Ftbrimry %th. 1 At'SmJ, 4 it^urtd. 

Small Bailer to 6-horse power engine. Gave w&j at centra of 
furnace, and water forced out at Loth enda, and it was suspected 
that the water was low. 



No. 13. Sheffield, {Fig. 5.) February U lb. 



4 injured. 



Fig. 6. 



^^P Comish, about 30ft. long. Tubes 3ft. unstayed. Tube collapsed 
sideways, and was rent from grat« bars to end, without injuring front 
plates or shell. It was said to be short of water, but most likely 
the true cause waa the weakness of the tube. 

Manekeater. February Iti/li. none injured. 

Two fined, 28ft. long, 6ft. 9in. diameter, alighlly oval; platea 

■ '(inch; tabe 2ft. Sin. diameter, pressure 45 lbs. Shell had once 

1 externally fired. Rent along the seams which were in one 
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line, and a large piece of the plate blew away, leaving tii1)« 
Duinjured. The cause of explosion wag defecdre form and worn out 
state of shell. 

JVo. IS. Weymouth, (^.fl.) March 12th. I kiBed, Z ir^rei 



Agricnitnral, 45 lbs. pressore. Fire-box blew off, and the on< 
shell separated from it. The cause of explosion was over-preGsn 
from the safety valve being screwed down. 



JV^o. 16. Zt/nn. (Fig. 7.} March I9rt. 



8 killed. 4 .Hjar* 




Fii/. 7. 

Agricaltnral, 45 lbs. pressure. Fire-box and tabes blew on 
The cause of explosion was over-pressure, as tie safety valve wi 
tied down with string. 



Jfo. 17. BlacUra 



h 2ZTd. 



3 Mlled, 1 injured 



Colliery Boiler, 30 lbs. pressure. Rent in two while the 
was standing, but no details obtained. 



BOILEB EXPLOSIONS IN 1667- 
JCo. 18. Sam»k!/.%[Ftg. 8.) March 29th. 2 killed, 2 it^jured. 



Fig. 8. 
Small plain Cylinder, with ends ne&rly flat, 4ft. Tin. long, 2fl. 
4in, diameter, plates -fg inch. No emptying plug or feed- pipe, and 
only a very Bmall hand-hole. Front end attached by Blight angle 
iron, which gave way, leaving the shell unmoved. The canse of 
explosion was the internal corrosioa of front end owing to very bad 
water being nsed. The plates were redaced to a knife edge in line 
of fracture. 

Ai. 19. a»^v>aU. (Fig. 9.) April Idth. 1 yUed, I injured. 



I 




Fig. g. 



Cornish,' one tahe 32ft. long, Gft. diameter, tube 3ft. lOin. diameter, 
platea § inch, preBSure 25 to 40 lbs. It was 20 years old, but just 
repdred Siid reset. Furnace tube failed and collapsed from one end 
to the other, except about 4 feet of front, owing to its weakness, 
being nnstrengthened by hoops or cross tubes. 



A'fl. 20. Belfast. {Fig. 10.) ApHl 2Qth. 



Plain Cylinder 



1 killed, 2 injured. 



Fig. 10. 
t. long, 2ft. Sin. diameter, plates i inch, ' 



BOILZB EXPLOSIONS IN IS67. 



90 lbs. The end blew ont from excessive pressure, as the escape 
from tie safety valve was prevented by a plug in the exit pipe. ~ 



I 



21. Binnhtgham. {ISg.U.) May mh. 



^^ 



Kg. U. 



Plain Cylinder, 3ft. 2in. long, Ift, Sin. diameter, plates -{^ inch, 
preBsnre 30 lbs. Workmanship and material very inferior. Piece 
of top ripped oat from manhole and allowed manlid to blow out 
through manhole. The cause of the explosion was, the large 
manhole and over-preBSUie. The safety valve was too small, and 
very roughly made. 



JVb. 22. Marilepool. (lig. 12.) May Wth. 



1 killed, 1 injured. 




Locomotive, 130 lbs. pressure. Barrel blown away and broken to 
pieces, leaving fire- and smoke hoses. 'The cause of explosion was 
supposed to be the strain on the boiler caused by its being made a 
stay to the &ame without allowance for expansion, and thereby 

aakening a horizontal seam. 

JVb. 23. Neuark. (Fig. 13.) May Ifith. 




BOILER EXPLOSIONS IH 1847. 

Gornisb, one tnba 20ft. 6iQ. long, 3tt. 4^in. diameter, tab« 3ft. 
diameter, plates g inch, pressure 64 lbs. The ends came out and 
tabe collapsed for its full length, ever; joint being broken. Tbs 
canse of explosion was bad constraction and workmuDslup, and tuba 
too weak for pressure. 



No. 24. Tamworih. {Fig. 14.) 




ZlaUed. 



Twotnbe, externally fired, 30ft. long, 7ft. diameter, tubes 2ft. 4in. 

meter, pressure 50 lbs. Two plates lately put in bottom gave 

ray, and shell rent along boltom and opened oat, dividing into 



No. 25. Dadky. {Fig. 15.) July U)th. 



I killed, 2 injured. , 



BOILER EXPLOSIONS IN 1867, 

Beveral pieces, which were Bcattered to great distances, but are 
arranged in eketcli so tis to show their original position. The canw 

Iof explosion was too frequent repair over the fireplace, and esterDal 
firing. 
No. 25. 



Fig. 15. 

Balloon, 2311. diameter, pressure 5 lbs. Bottom blew oat and' 

was torn in pieces. Main portion of shell fell over on to another 

boiler. The cause of explosion was deep corrosion along the bottom 

where it rested on the brickwork. 




No.2G. Battel/, (i^. 16.) July Uih. 



3 killed, 3 
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One tnbe CwTmh, 2Gft. long, 8ft. lOJin. diameter, tnbe 5ft. 
diameter, for 8ft. 6in. of front end, tapering to 4ft. diameter at back, 
presBTua 30 lbs. Rent along bottom, allowing central ring of plates 
to open ont. The whole boiler was thrown some distance by the 
reaction of issuing contents. The cause of exploBion was corrosion 
at mid-feather wall, the plates being little thicker thaa paper. 



Ab. 27. Itotherham. {Fig. 11.) July \Wi. 



e ir\jurtd. 



I 




Pig- IT. 
Two tube Cornish, 31ft. long, 7ft. diameter, tube 2ft. 7in., tapering 
to 2ft., pressare S5 lbs. Left hand tube collapsed, and about the 
centre of collapse, plate was torn in two pieces from seam to seam. 
The cause of esploHion was overheating, because the water was 
being let low before all the fire was out. 



No. 28. Biittm. {fig. 18.) J«li/ 2 
^ Fiff. IS. 



Looomotire. Side-plate in the upper [lart of high top fire-box 
blew away. The caiise of eiplosion was most likely the boiler beiDg 
made the frame of the engine without allowance for expansion. 

No. 29. Ecchsfield. August 5lh. 1 killed, 2 injured. 

Full partioulare were not obtained, but tbo steam and hot water 
were allowed to come itt from a neighbouring boiler throngh the 
blow-off pipe while the men were cleaning. 



BOILEB EXPLOSIONS IN 1807- 
m. 30. Belfatt. {Fig. 19.) Augait 21th. 7 ktlhj, 3 ii^ured. 




Hff. 1 



Corniah, 18ft. long, 4ft, Din. diameter, tube 1ft. 6in. diamel 
plates g inch, prcBBHre 50 lbs. There were no Btays. End plate 
blew out while lieing caulked a.t a jump joint in back angle iron. 
The cause of explosioQ was bad constructioa and want of stayB, and 
also want of proper care in working. 



't«9 



No. 31. PiiMhetta. September 2)iil 

LocomotiTe, but no details obtained. 

■ mh. 



2 injured^ 



No. 32. Athlon. _ 

Two fined, 40 Iba. pressure. The cast.iron mouth-piece of man- 
hole fractured from inBufBcient atrength, and allowed lid and upper 
flange to blow off. 

So. 33. SlacUurn. October iih. 4 iviarad. 

Water Heater, made of large Ijottle-shaped pipes placed in thsflue. 
he force of explosioQ caused the neighbouring boilers to be unseated. 
No details have been obtained as to the cause of the explosjon. 




BOILEK ESPLOSIOHS IN JSflT. 

One tabe ConuBh, lift, long, 4ft. diameter, plates g inch, tnhe 
2ft. JJin. diameter, pressure 50 lbs. Gave way underneath. Top 
thrown upwards. Front part and lube thrown to the front. The 
cause of the explosion was extensive corro&ion at the bottom where 
it t{)uched the wails. 

2fo, 35. Preiton. October 31rf. none mjured. 

Corniah, 26ft. long, 5ft. 6iii. diameter, tube 2ft. llin. diameter, 
plates I inch. FreBaore 30 lbs. Tube collapsed fur want of proper 
strengthening hoops, blowing out back end, and throwing boiler 
forward. 



No. 36. BurUai 



[Fig,2\.) November 3rd. 







1.%. 21. 
Plain Cylinder, 19ft. long, 6ft. diameter, pressnre 40 lbs. I 
36 years old, and iron deteriorated and also much patched, 
canse of explosion was DTer-pressore for so old a boiler. 

No. 37. Bradford. {Fig. 22.) November Gih. 2 killed, 3 inj 




high, 2ft. 4iu. wide, 



\ 
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plates I indi, pressure 50 lbs. Upper portion of barrel blew oS 
The caoae of the explosion was over-pressure from locked safety 
Tolve utd defectiTe cCDstmctioo. 

Jfo. 38. ShtffUid. {Hg. 23.) Sorembtr T«- I ir^'ured. 



F^. 23. 
Plain Cylinder, I2fl. Sin. long, 3ft. llin. diameter, pressore 
20 lbs, flat front, and round back end. Main portion thrown back 
and front forward. Front torn all round tbo root of angle iron, and 
Btay livetB drawn through flat end. The canse of explosion was 
weakness of construction of flat end, and bad safety valve, which 
could have been loaded to 6& lbs. 



kilted, 10 in;ur«dLl 



No. 39. Latiglag MiU. {¥«}. 24.) .V(w«tii. 




Fig. 21. 

Plain Cylinder, 40ft. long, 5ft. diameter, plates y'j inch, pffei 

45 to 50 lbs. Farted at third seam, and front thrown forward and 1 

main portion backwards. The cause of esiplosion was a seam-rip of J 

old standing near patch at place of first ruptore. 

No. 40. Bradford. {Bg. 25.) Smiemher \ith. 4 hiUed, 3 injured. J 

Breeches tube 25ft. 6in. long, 7ft. 6in. diameter, plates -^ inch, m 

preBsnie 30 lb>. Front end and fire-grate tubes and taper jnnclicna 
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were thrown to the front in one piece. Main shell not injured. 
Eack part of tabe remained in boiler. Bottom port of taper 




junction where flattened to receiTe tbe two fire tubes, collapsed 
npwards. Tbe cause of esploaion was tbe want of proper stays or 
strengthening tnbea, and conBequent weakness. There was oul; one 
safety valve of smull size. 



No. 41. Chippeahai 



,a.) Novemher 2ial. 3 killed, 2 injured. 



t^^ One tnbe ComiBb, lift, long, 5ft. diameter, pressure 44 lbs. Tube 
gave way at an old crack at back of 8trap-plat« and partially 
collapsed. 




DOILEK EXPLOSIOHS IN 1867. 

Plain Cylinder, 25^. long, 6ft, diameter, plates -f^ inch, preaBOie 
50 lbs. Had beeo a ono tube Cornisb, but tube had been taken out, 
leaving flat ends. Back end was blown out. Main ebell thrown 
forwards. The canse of explosion was weakness of conetruction in 
not sofficiently strengthening the flat end to compeoEate for loss 



f tnbe. 



No. 43. Shields. {Fig. 



December 7(A. 





(t. ceS55^ 



Tma tul» Cornish, 28ft. long, Gft. diameter, tube 4ft. i 
plates I inch. Pressure 28 lbs. Tube collapsed for the whdle 
length, but no particulars of the cause obtained. 

Ho. 44. Bcl/ait. December Uth. 2 killed. 

Some repair bad been done to a Boiler, and a blank flange used to 
stop oft' the steam was bemg removed without shutting the stop- 
valves to the other boilers, and the joint blew out when the boltB 
were loosened- 

Ko, 43. Mancliester. [Fig. 29.) December 2Zrd. 6 killed, 4 itifured. 




Fig. 29. 

One tube Cornish, 18ft. long, Gfl. diameter, tube 3fl. Sin. diameter, 
plates i inch. Pressure 25 lbs. Bent along bottom, and two rings 
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of plates blown away, but tabe and ends not much injared, Tbe 
cause of explosion was exteosive corrosion on the part reetiiig on 
the midfeather wall. 

So. 46. Barruiey. (Fig. 30.) Becember 2Hth. 1 kiUtd. 




^V Fi^. 30. 

Balloon, lift. 6iii. diameter, and lift. 6in. high, plates f inch. 
Bottom domed up 3ft. 6iB, over fire ; ordinary pressnre 8 lbs. Boiler 
had worked two days at 25 lbs. pressure, but safety valve loaded 
to 16 lbs. The cause of explosion was undue pressure for an old 
boiler of such weak shape. 



ffo. 47. Zeeda. (F^. 31.) December SOth. 







Fij. 31. 

Two tube Comiah, 22ft. long, 7ft. 2in. diameter, tubes 2ft, 7in» 

diameter, pressure 15 lbs. Rent along bottom, and ahe!l blown 

away, leaving tubes and ends nearly uninjured. The cause of 
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exploBion was, that the bottom was corroded to a knife edge all a' 
the midfeatlier wait. 

So. 48. Shietdi. {Fig. 32.) DecenAer Z\sl. 2 kaied, I injti 




Fig. 32. 

Plrnn Cylinder, 30fl. long, 4ft. Gin. diameter, plates | inch, 
pressure 29 lbs. Rent over fire near where a new plata had lately 
been put in. Front part of shell opened out and rent, and back end 
blew away in one piece. The cause of explosion was deterioration 
from 20 years' wear, and had management. 
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Ne. 1. l^etLcastle. (F^. 1.) January !3(i. 



h^ 



Fig. I 

One of three. Plain Cylinder, 27ft. long, 5ft. diameter, § inoh 
plates, 35 lbs. preBBure. The boiler was much torn np, and all the 
fragments thrown to the front of their original position. The cause 
of the explosion was that the boiler was very old and much 
deteriorated, so that it was unable to bear the ordinary pressure. 
The longitudinal arrangement of the plates, and the entrance of the 
feed directly on the bottom, no doubt coatributfid to the weakness, 

Wo. 2. Glaagou). Janvary 21th. 1 killed, a injured. 

One of four, Kier or steam chamber, and not used for generating 
steam. It was 8ft. 6in. high, 6ft, Sin. diameter, ,^ inch plates, 
40 lbs. pressure. It was rent from top to bottom, owing to inferior 
iron and workmanship. 



BOILER EXPLOSIONS IN IB68. 
ITo. 3. SKe^U. (f^- 3.) Jmuaiy 2Sth. 





One of four. One tube Comish, 26ft. 4m. long, 6ft. 6in. diameter. 
Tube 3ft, 9m. diameter, f inch platea, 15 lbs. pressure. The dotted 
line showa outside eliell of boiler. The tube coUapsed from end to 
end while the ateam was being raised, owing to the weakness of so 
large a tube without atrengithening rings. 



Ho. 4. Lmdan. [Fig. 



January 29tk. 




ikiUtd. 

4 



One tube Cornish, 18ft. 3in. long, 4ft. lOin. diameter, f inch 
plates. Tube 3ft. diameter, -fg inch plates. In sketch the estemol 
shell is shown in outline to allow the tube to be seen. The tube 
collapsed owing to shortness of water, and rent open at one seam, 
allowing the contents to issue violently, although the boiler itself 
waa not disturbed. J 



iTo. 5. Bolton, {Fig, i.) January ^\at. 



1 ^urod^* 



H 



Locomotive, 90 lbs. Sketch shows interior view of fire-bos wifl 
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firont removed. The left aide of the copper fire-box burst in-wards 
owing to the plate in line of fracturo being corroded to less 
than i inch. 



(F^. 5.) Fehruary Hlh. 




One of three. One tube Cornish, with two external fire grates 
with a water tuhe over each fire. It was 30ft. 2ia. long, 6ft. 
diameter. Tube 3ft. diameter, g inch plates, 40 lbs. pressure. 
External shell is ahowu in dotted lines to allow of the tubes being 
seen. The tube had formerly been placed rather higher in the 
boiler. The tube collapsed sideways, having become overheated from 
shortness of water. The boiler itself was but little disturbed. 






£eUo. (Fiff.G.) February Ufh. 




Fij. 6. 



tube Comish, 9ft. 9in. long, 4ft. 6in. diameter. Tube 2ft. Sin, 
diameter, /, inch plates, 30 lbs. pressure. The boiler rent open at 
the bottom, and wnjf thrown a considerable distance by the reaotion 
of the issuing contents. The plates along the bottom were reduced 
by corrosion to -fg inch where in contact with the brickwork, so that 
tie boiler was unable to bear the usual working pressure. 



BOILER EXPLOSIONS IN 1868. 
Dnrkam. {Fig. 1.) February 12tA. 2 killed, 1 it^urii 




Fig. 7. 

One of foot. Eztemd Bbell is ehowii in dotted lines in eketch, 
to allow the tubes to be Been. It was 20ft. long, Tit. diameter, 
40 lbs. prcBBure. Tho two iat^mal firo gratee in the flues were 
aft. Sin. diameter, which joined at the back with a central return 
flue to a chimney passing out of the top of the boiler. The Bidea 
of flues were flattened to allow them to be packed closer together, 
and especially the central return flue, which was flattened on both 
Bides, and thus rendered so weak that the left side collapsed and 
allowed the conteuta of the boiler to issue, blowing out the grate 
on the left aide. 

Ko. 9. Halifax. (Fig. 8.) March fird. none injured. 




Plain Cylinder, with flat ends, 18ft. 6in. long, 3ft. 1 lin. diameter, 
f inch plates, 50 lbs. pressure. The back ond gave way at the root 
of the angle iron all round, and was thrown 60 yards to the rear. 
The boiler was forced forward, and tilted up by the reaction of tha 
iasning oontente, and forced through a wall. The cause of esplosioa 
tras the want of su^cient stays to the flat end. 



BOILEE EXPLOSIONS IN 1 
I, 10. Ifewcasfle. {Fig. 9.) Ai>rH ilh. 




Fig. 0. 



One of four. Plain Cylinder, 28ft, long, 611,. diameter, f inch 
plates, 30 lbs. pressure. The boiler was much fam and scattered, 
and much damage was done. The plates were improperly arranged 
longitudinally. The boiler gave way at a patch lately put on, and 
had become so deteriorated by nearly 30 years' wear, that it was 
nnable to bear the usual pressure. 

JVb. 11. Aierdeen. Aprillth. 1 ktOed. 

Two tube Cornish, 6ft. diameter. Few particnlara have been 

obtained. The upper part of front end was blown out and did 

considerable damage. Most likely this was for want of proper eta^. 

So. 12. April I5(A. 1 injured. 

One of four. One tube Cornish, 15ft. long, 4ft. Jin. diameter. 
Tube 2ft. Sin. diamet«r, i inch plates, 60 lbs. pressure. The tube 
collapsed and rent open near the bridge, owing to its weakness with 
such thin plates and no strengthening rings. 

JVb. 13. Cornteall. May 1st. 1 /tilled. 

No details obtained. One tube Cornish. Tube collapsed, owing 
to its weakness without strengthening rings. 

!fo. 14. Cornwall. May 9(A non» injured. 

Few particularB obtained. One tube Cornish, 34ft. long. Tube 
4ft. diameter, | inch plates, 40 lbs. pressure. Tube collapsed owing 
to its weakness without strengthening rings. 



I 



BOILEB EIPLOSIOSa IN 1868. 
Iff. IS. OlAam. Mat/ lUh, 1 killed, 1 

A very bhuU plcun cylinder, Sft. Sin. long, 1ft. Sin. i 
i inch plates, 45 lbs. pressure. It burst at a faulty place at i 
lorer port of the back, on the left liand eide, allowing the hot water 
to isflue, hut tlie boiler was not much disturbed. 

JTo. 16. £nitol. May nth. 1 kOhd. 

Uarine. Single internal fire grate, vith small retain tube, 7ft 
Sin, long, Sft. 4in. diameter, | inch plates, tahe 2ft. Tin. diameter, 
i inch plates, 62 lbs. pressure. Tube collapsed and rent open oning 
to its weak, corroded, and deteriorated condition, and tlie contente 
issued eo violentlyi as to caueo much damage to the boat. 



No. 17. ffuU. {Fig. 10.) Mai/ 12th. 



2 iiilled, 2 injured. 



Fig. 10. 

One of two. Plain Cylinder, 4ft. 9in. long, 3ft. diameter, iincli 

platea, 25 Iba. presBure. This was a second-hand boiler, anl rent 

into several pieces just after being put to work, owing to its having 

become thinaed to ^ inch by corrosion. 

No. 18. Coatbridge. May 15<A. I inim^- 

Plain Cylinder, flat ends, 15ft, long, Sft, diameter, g inch plates, 
30 lbs. pressure. The back end blew out and caused consideralla 
damage, and the boiler was thrown some distance. The end was 
very insufficiently stayed. 



No. 19. Gravetend. {lig. U.) May 28(A, 





2k^i. 



4 



One of two. Marine, 18ft. Sin. long, 7ft. 2in. diameter, -^^ inch 
plat«s, 25 lbs. pressure. The fixe waa in two internal famace tubes 
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united at the back, and the flame waa retomed to the front by fonr 
amallcr tubes. The furnace tubes were of exceedingly weak ahapa 
as the aides followed the curve of the shell, but were not attached 
to it by proper stays, so that the left hand tube collapsed upwards, 
and one Eeam rent open and allowed the contents to violently escape. 
It ia probable there may hare been greater pressure than usual at 
the time, but the furnaces without stays were unsafe, even at the 
ordinary pressure. 



Jfo. 20. Durham. 



2 hilled. 



lain Cylinder, 30ft. long, Cft. diameter, | inch 
plates, 35 lbs. preaeure. The plates were arranged longitudinally. 
Boiler had worked 27 years, and was much deteriorated, and gave 
way at an old fracture over the grate, and was torn into 4 pieces, 
which were thrown a great distdnce. 




killed, G injured. 




BOILKR KIFL06I0N8 DT USB. 

One tabe Comifih, 24ft. long, 6ft. diameter. Tabe 3ft. 3m. 
diameter, ^ inch plates, 40 lbs. preseDie. The seams were arranged 
diagonally, but the rents had not followed the sesaas, bat bad torn 
lie plates. The shell gave way where extensive corrosion bad 
rednced the plates to i inch in thieknesa, and all the shell was blown 
off, and the tul« thrown over and tamed end for end. 

No. 22. Junt 22nd. none i^'ui^ 

Two tube Coroisb, 27fl. long, 7ft. 6in. diameter. Tube 3ft. 

diameter, -fg inch phitea, TO lbs. pressure. Left band tube collapsed 

from end to end owing to its weakness without strengthening ringa. 

No. 23. Halifax. July %th. 6 it^urai. 

Two tube Cornish, 20ft. long, 6ft, 3in. diameter. Tube 2fl; 3in. 
diameter, § inch plates, 55 lbs. pressure. The shell was blonn 
completely off, leaving the tubes and ends intact. The bottom was 
eitensively corroded, so that the strength of the boiler wus bo 
reduced as not to be able to bear the usual pressure. 



Jfo. 24. Wrexham. {Fig. 14.) Jvly 9th. 2 in/iu-«/. 
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Two Furnace Upright, 22ft. high, eft. lOin. diameter, g inch 
plates, 14 lbs, pressure. Small piece was blown out of the bottent, 
and the iBSuing contents disturbed tto brickwork surrounding the 
boiler. The plate was corroded to a knife edge in tho line of 
fracture, from the leaking of the adjacent blow-pipe joint. 



No. 25. Dundee. 



July nth. 



1 killed, 1 injured. 



Two tube Comiah, 28ft. 6ia. long, 7ft, diameter, g inch plates. 
Tube 2ft. 3in. diameter, ^'^ inch plates, -10 lbs, pressure. Both 
furnaces collapsed, and ruptured from overheating through shortness 
of water. 



Halifax. 



Juhj \ith. 



3 ity'ured. 



Locomotive, 10ft. 9in. long, 4ft. diameter, ^ inch plates, 130 lbs. 
pressure. H'early all the barrel was blown away. The inside was 
very much corroded, and there was a deep furrow at the line of 
first rupture, caused by the alteration in form of the boiler in the 
strain of working. This is usually obriated by substituting butt 
for lap joints, so that the pressure does not tend te alter the circular 
shape of barrel. 



Ko. 27. Zimertch. 



2 killed, 1 injured. 



LocomotiTe. !Fbw particulars are obtained. The connecting rod 
broke, and the loose end attached to the crank pierced the boiler, 
ud allowed the contents to issue and scold those near. 

«(>.a8. Sanleif. (F^. 15.) Jab/ 3UL \ kilUd. 




I 



BOILER ESPL05IOSS IN 1868. 

One of three. Plain Cylinder, Sfift. 9in. long, 5ft. diamettr, 
} inch plates, 60 lbs. pressure. The boiler parted at a seam over 
the fire bridge. The front end waa thrown upwards and to a 
conaiderablo distance tn the front. The back part of the boiler was 
forced backwards. The first rent took place at a seam-rip at the 
rHptored Ecam, and the boiler exploded while the fire -was being 
drawn in oider to repair the fault; place. 



JTol 29. HasUr Jlota. 



August 8 



2 kiSed, 3 injured. 



Agricultural. It exploded while travelling, by its own steam 
power. The engine hod stuck fast, and extra pressure of steam was 
iA to try and extricate it. The boiler was torn in pieces, and 
Kattered to a gi 



ilTo. 30. Button. (^.16.) August I'lth. 




\ 



lis. 16- 

One of two. Rain Cylinder, 30ft. long, 5ft. diameter, ' 
plates, 46 lbs. pressure. The boiler gave way on the side 
the plates were overheated by the water being too low, and thfrV 
front part of the shell was flattened out and thrown si 
to the rear, as its course was influenced by its remaining attached 
to the rest of the boiler as by a hinge ; while the front t 
rent into several pieces, and the baek end was thrown also to thel 
rear and rolled down a declivity into a stream. 



^M BOILER EXPLOSIO^'S IS 186S. V^^^| 


fifl 


Ao. 31. Liverpool. {Fig. 11.) AuguitlOth. ^M 


X J 


7 liilled, 5 injured. ^ 


n™ 


Two Fninace Chimney Boiler, 42ft. 4in. 




,mM 


1 gh, 6ft. Din. diameter, ^ inch plates, 50 lbs. 




II H 


1 resanre. Nearly half the bottom plate waa 




i' IH 


blown out, and the issuing contents found their 




i' H 


way into the furnace and increased the damage. 




H 


The line of rapture near where it joined tha 




BH 


shell was corroded almost to a knife edge, which 




nV 


80 reduced its strength aa to make it unable to 






1^1 


bear the usual working pressare of steam, 




1 


I^H 


addition to that of the column of water 




1 


P^H 


the boiler. 




11 
ill 

i 


1 


\(.. 32. Acerinfflon. August 3ist. 1 kilUd. 

A Kier or Steam Bleacliing Chamber, some- 
what like No. 2, and not used for generating 
steam, 9ft. high, 8ft. diameter, i inch plates, 
50 lbs. preBSure. The bottom blew out, and 
the shell was torn to pieces. The cause of 




1 


1 


explosion was weakness of the raptured end, 
and want of care in working. 

0.33. Sirmingham. September llth. 1 killed, 




B 


1 injured. 




i 


Two tube Cornish. The manlid was wrongly 




fixed outside with internal clamps. It was 




being screwed up tighter to stop leaking when 




IH 


the bolt broke, and the lid came off and allowed 


^^^^^B^^H^ the contentB of the boiler to escape. ^H 


IS1 1 



BOILEB EXPLOSIONS IN 1868. 
""KoTSt GrtaOni^f. {Fig. 18.) S^ember 2Ul. none iVawdT" 



AT-yCj 'f:/"ji/ f-fJl 



I 



F^. 18. 
One of four. One tube, externally fired, 18ft. 6in. long, 6ft. 6ia. 
diameter. Tube 3ft. diameter, \ inch plates, 40 lbs. pressure. In 
atcetch the shell is shown in dotted lines to allow the tube to Ib 
§een. The tube collapsed from end to end and ruptured at two 
eeama, and the contents issued so violently as to knock down the 
brick-work and displace the boiler. The tube was in a very weak 
and corroded condition, and unable to bear the usual working 
presaure. 

Sit. 36. Maxley. {Sig. 19.) SepUmUr 28^. 13 UUed, % injui 



S 



Oue (rf four. Four Fui 



Upright, 22tt. high, lOft. 6ia 



BOILEE EXPLOSIONS IN 1SI58. 

diameter, ^g inch plates, 40 Iba, pressure. The LoUerwas rent into 
nine pieces, one of which waa not found. The dotted line in Bketeb 
showB the outline of the boiler before explosion, and the fragments 
are arranged as nearly aa possible in their original position. The 
first rent was at a seam-rip opposite the largest furnace, from whence 
the rupture opened in every direction. This seam-rip must have 
existed some time before explosion, and must hare extended from 
rivet te rivet, until the boiler was so much weakened as to be unable 
to bear the usual pressure. 



No. 3 



Winiford. 



September 'iUh. 



IkOUd. 



Plain Cylinder, Few particulars obtained. The end over the 
fire burst open and allowed the contents te escape. A thick accumu- 
lation of scale on the bottem had caused the plate to become 
overheated by preventing proper contact of the water. 



No. 37. Eheear. 




One of four. Two Furnace Upright, 2Ift. high, 7ft. diamefOT, 
■j^ inch plates, 58 lbs. pressure. A large piece of plate was blown 
out of the side of the boiler, and the reaction of the issuing contents 
threw the boiler over on to its side. The plate was said te be over- 
heated from shortnoBs of water, but as the centre tubes were 
uninjured, the ruptured plate may have become overheated from the 
intense heat impinging on one place, causing so rapid a generation 
8 to prevent proper contact of water. 




JTo. 38. ObugoK. OcbAer 12U. 1 JdUed, I njwvil 

Plun Cytioder, 39ft. long, oft. diameto', J incli plates. A nnall 
^ece of plate about oae-aiid-tialf-feet area blew ont of the bottom, 
and the contents iseoed to violently as to do moch damage, althoagh 
Qie boiler itaelf was not otberwise injured. The mptnred plate was 
ooTToded to ,^ inch thickness by the leaking of seams, caused 
the feed water entering close to the bottom of the boiler. 



StBOTuea. 



October Idlk. 



Kq. 39. 

One of twenty-four. One tube Cornish, worked by two fomaces, 
28ft. long, 6ft. fiin. diameter. Tube 3ft 9in. diameter, J inch 
plates, 40 lbs. pressure. The tube was diWded by a wall down the 
middle. The tube collapsed sideways. It was said that one 
was oreiheated through shortness of water, but it is more than 
probable the explosion was owing to the weakness of f 
without strengtheuiug rings. 



1 



la n |i 



m. 40. Prttton. 



October IGth. 



2 injurtd. 

This was an arrangement of pipea, called an " Economiser," placed 
in the flues of a set of boilers for heating the feed water. It was 
shattered into fragments, causing considerable damage. As the 
whole apparatus was said to be in proper order, the explosion had 
been attributed to coal gas in the flues, and some peculiarities in the 
ruptured pipes bear out the suppositioa. 



Jfo. 41. London, {l-iif.21.) October Wth. 



G ii^ured. 



m 



I 



Kitchen Boiler, for supplying hot water to the top of a lofty 
house. It was rectangular, 3ft. 6in. wide, 2ft. 6in. high, and 1ft. 
deep. The ftont was blown out and caused considerable damage. 



BOILEE EXPL0fiI0N3 IN 1868. 

Tlie boUer was of most ireak shape, and althongli no pregsnre of 
Bteam was intended, it appeared to Itave been overlooked that the 
column of water tfl the top of the house vould give sufficient 
pressure to maike such a bailer unsafe. 



Zondot). {F^. 22.) Oclober SQth. 




2 failed, 10 injurtd. 



■b.42. 

^H One tube Cornish, 13ft. long, SfL diameter, f inch plates, SO lbs. 

^^tessure. Tube oval at fire end, 2ft. llin. wide, 2ft. 6in. high. 
Ciroulor beyond bridge, tapering to 2ft. diameter at back end. In 
sketch outside shell ia shown in dotted lines to allow tube to be 
seen. The front of the tube buret beneath the fire bars, and rent 
upwards. Tube collapsed beyond bridge and rent open at each side, 
but remained intact over the fire. The oval part of the tube was of 
80 very weak a shape, that it burst open, and the coUapae of the 
back part followed as a consequence. 



(F^. 23.) Deccmhar ind. 



I 




Fig.: 



Small Portable Boiler, 4ft. 9in. high, 2ft. 3in. diameter, } inch 
plates, 40 lbs. pressure. The shell was rent completely off. The 
explosion arose from the large size of the manhole, ■n-hich had no 
guard ring on the edge, and the lid had strained it and caused several, 
cracks, and at last forced itself through the boiler, and the renta- 
spread in every direction, and caused the break up of the bofler. 



BOILEH EXPLOSIONS IN 1868. 



rJb.44. SaecattU. (i^. 24.) December Mth. 




Fig. 24. 

Marine Uprigbt, 13ft. Sin. higb, 6ft. 6in, diameter, J inch platean 
Internal firebox 8 ft. Gin. high, 6 ft. diameter ai bottom, 5ft, Sin. 
diameter at the tup, ^ inch plates, 50 lbs. pressare. In the sketch 
the shell ia Bhown in dotted lines lo allow the internal fire-box to be 
seen. The boiler was rent into many pieces, many of which ti 
lost in a river, so that a Batisfactory conclusion as to the canso of thrfl 
explosion was imptiasible. The boiler was not very firmly stayet^'B 
and it is supposed that it was weakened by corrosion round th9 I 
fire doors. 



No. 45. Sartlepool. Becember 2Slh. 1 i»jur«A.| 

Marine, with 3 internal fireplaces joined at the back. The ba<^ i 
of the junction tube gave way at a place deeply corroded, and allowed I 
the contents of the boiler to escape. 

NOTE. — Two more illustrations may be p.ven which are 
BttfBciently important to include in the above list. 



WiOenhall. {Fiy. 25.) Bccemher 2ith. 

One of two. Plam Cylmder, 25ft., 6in. long, 5ft. ( 



cne uijurt£ * 
.. diameter, 



BOILER EIPLOSIOSS IS 1868. 

g inch plates, 30 lbs. pressore. Tlie wat«r was allowed lo get low, 




J^. 25. 
and the OTerheated plates opened and allowed tbe steam to escape 



{Fig. 26.) DfcemUr 9th. 




One of eight. Four Furoace Upright, 22ft. high, 9ft. diameter, 
^ inch platfis, 45 lbs. pressure. The water was allowed to get bo 
low that the shell was overheated and rent, and the side tube slightly 
collapsed, and the injury was not discovered until the feed water had 
risen up to the mptnre, when it ran into the furoaces without cansiDg 
uiy violent explosion, although cold water had been put into a 
rsd hot boiler. 



nOXTBBBIDOB : 
ntZRTID BT B. BBOOXHAII., HIOM 8TBBBT. 



BOILEE EXPLOSIONS IN 1869. 



JTo. 1. Chesterfield. {Fig. I.) January IWh. 4 kilUd, 2 injurtd. 




lis- 1. 
One of two. One tube Cornish, 26ft. 6in. long, 6ft. diameter, 
tabe 3ft. Sin. diameter, | inch plates, 46 lbs. pressure. The guage 
glass was broken and the float was either out of order or unobserved, 
as the water was allowed to get 9 inches below the usual level, so 
that the crown of the furnace became overheated and collapsed, and 
rent open where a patch had been put on some little time before. 

ManehMer. {Fig. 2.) January 22nd. none injured. 





The barrel was 10ft. 6in. long, 4fb. diameter, 
•^ inoh plates, 130 Iba. pressure. The engine waa 14 years old, 




BOILEE EXPLOSIONS K 1969. 

and bad latelj' been tested to ISO lbs. hvdraolic pressare. The 
Beams near the bottom, were wj deeply *' furrowed " or corroded jnat 
aboTC tlie lap joint in a contiDUOUd line that they rent open. 

ITe. 8. GrMtiridse. (Fig. 3.) January 26M. 1 HlUd, 1 injund. 




Fig. 3. 

One of two. Plain Cylinder, with flat ends, 22ft. long, 4ft. 3in. 
diumeter, g inch plates, 60 lbs. pressure. There had formerly been 
B tabe with internal furnace, and this had been remoTed without 
euffleient etays to compensute for the loss of strength. The 
plates were arranged in tlie weakest way with seams in one line 
from end to end, and the strength of the boiler had been forther 
reduced by very frequent patching. Fracture commenced about the 
centre of the long seam under tie dome, which had gradually ripped 
from rivet to rivet, until unable to bear the ordinary pressure. The 
boiler exploded because it was completely worn out, and shows how 
treooherouB and uncertain a boiler becomes by constant patching 
and alteration. See also No- 45. 



iVo. 4. Itotkerham. {Fig. 4.) January 27th. 



1 injured. 



One of five. Plain cylinder, with dished ends, 36ft. long, 
4ft. 6in, diameter, ^ inch plates, 53 lbs. pressure. It had worked 
about 8 years, and was much patehed over the fire end, and hod 
lately been pat into what was supposed to be thorough repair. 

« vaa no need of an inquest the wreak was quickly deared tanSm 



BOILBE EXPLOSIUNS IN IBOD. 

some of the fragments cat up, but enough particulars were obtained 
to gire some idea of the nature of tiie explosion. 




Tbe firat rent must have taken place ia the bottom si 
fire, where weakened by frequent reqaii'. 

'JTo. 5. Btirham. {Fig 5.) Fdruanj 2iid. 1 killed, 4 injured. 




Ftg. 5. 
One of twelve. Plain cylinder, 13 years old, 80ft. long, 6ft. 
diameter, f inch plates, 35 lbs. pressure. The plates were arraagt 
lengthways, so that the seams were in continuous lines from end to 
end. This has often been mentioned as giving far leas strength 
than where the plates are placed in rings. There hud been consider- 
able repair at various times, and just previous to explosion the boiler 
bad been placed as was supposed in thorough repair, and s 




BOILEE EXPLOSIONS Df ISflS. 

plates had been put over the fireplace. The first rent appears to 
have taken place where one o£ these plates joined the old wort. 
The rent quickly extended along a straight seam, and the boiler was 
blown into three pieces. The explosion was siraply caused by the 
boiler having been weakened by frequent repair until unable to bear 
tbo ordinary working presBure. Externally fired boilers, when fio 
frequently patched become treacherous and uncertain, and more 
especially so when the seams run from end to end. See No. 59. 



No. i 



South Wale). 



February 12(S. 



2 injured. 



This was a colliery boiler. Very few particulars were obtained. 
The roof of the engine house was blown ofi", the boiler was torn 
from its fittings and turned right round, and knocked down three 
walla and fell In an upright position. 



No. 7. Cornwall (_Fiff. 6.) Fehruary \btk. 




I 



One of four. One tube Cornish, 37ft, 6in. long, 7ft. diameter. 
Tube 4ft. 4in. diameter, /j inch plates, 40 Iba. pressure. 

The tube collapsed for the whole length beyond the bridge, and 
the back end of boiler was blown out. The portion of tube over 
the fire was left intact, and the fusible plug was uninjured. The 
cause of the explosion was the weakness of the tube of such large 
diameter and so great length. See No. 57. 



No. 8, Yarmouth. {Fig. 7.) February 23rd. 



3 injured. 



Marine, 17ft. long, and 15ft. high, f inch plates, 15 lbs. pressure, 
The top was blown ofij the plates having been extensively corroded. 
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The boiler had also been much weakened by altering it from a round 
to a flat top without aufflcient stays. 




Fif. 7. 
March Srd. 

a blown off, but no particulai 



M. 9. Broghida. 
The roof of a al 
obtained. 



No. 10. West Bronmieh. {Fig. H.) March 9th. 



. have been 




hie of two. Plain cylinder, 25ft. long, 4ft, 6in. d 
plates, 42 lbs. pressure. The boiler had been very frequently 
repaired, and a seam gave way where a large patch had just 
preTiously been put on over the fire, in doing which the rivet holes 
of the old work had evidently been cracked, rendering the boiler 
unable to bear the usual working pressure. See No. 45. 



BOILER EXPL0SI0S9 IS 18G9. 
No. It. ComicaU. March \%th. none injured. 

One tube Cornisli. The tube collapsed from want of water. 

m. 12. BromUy. {Fig. 9.) April Isf. 1 killed, 4 injuni. 




iiultitubnlor, 9 years old, 611. 6in. long, barrel 6ft. long, and 
2ft. 4in. diameter, fg inch plates, 50 lbs. pressure. The cylinder 
was attached to rig!it side of the top of tho boiler over the fire bos, 
and on the other side there was a very large manhole, the edges of 
whiuh were corroded, and so atraiued and cracked by the screwing up 
of the manlid, as to be unable to bear the working pressure. The 
rent started in all directions from the manhole allowing the boiler 
to split up into three pieces. See Nob, 18 and 36, 



No. 13. Cornwall. 
One tube Comiah— 



April Wth. 
no particulars. 



' injured. 



No. 14. Barking. {Fig. 10.) April laih. 4 killed, 2 injured. 
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Tortable Crane, 8 years old, 9ft. 3in, high, 4ft 4iii. diameter, 
with iiit€mal fire box, 6ft. high and 3ft. 6111. diameter, aad chimney 
passing out at the top, -,*j inch plates, 40 lbs. presaure. The 
internal fire box eniBhed in sideways, and the shell was rent into 
aeverol pieces. The attachment of the fire box to the shell was 
mode by bending thn plates, as shown in enlarged skcteh, and this 
is not 80 rigid as double angle iron and had evidently strained the 
chimney tube. This weakness had been bo increased by deep eor- 
roKion just at the bend of the plates that it had given way. The havoc 
and loss of lile was far greater than would have been suppoaed 
possible &om so small a boiler, but similar cases are mentioned in 
No. 43, 1868, andKo. 57, 1866. 



m. 15. Durham. {Fig. 11.) April 23rrf. 




Fig. U, 



One of two. Plain cylinder, with plates arranged lengthways, 
30ft. long, 6ft. diameter, | inch plates, D Iba. pressure. A seam 
gave war on the right side over the fire and immediately rent along 
the straight seam from end to end, and Ihe boiler was thrown in 
one mass a great distance to the left. The boiler was rery old and 
much weakened by frequent repair, and at the time of explosion 
was being imprudently worked at twice its usual pressure for a 
temporary purpose. See No. 69. 




I 




Double Furnace, internally fired, 28ft, long, 7ft. diameter, ^j ii 
plates, 55 lbs. preaaure. Furnace tubes 7ft. long, 3ft. diamet 
§ inch plates. The crown of the left hand furnace collapsed i 
the right hand furnace was slightly altered in shape, 
overheating by shortness of water, although the true cause i 
Buppoaed to be the thickening of the water by use of anti-inorustafi* 
composition, preventing proper contact of the water with tJie plate 

M. 17. Liverpool. {Fig. 13.) May \1th. 



Plain cylinder, 10ft. long, 3ft, diameter, finch plates, 50 lbs,! 
pressure. The ends were flat made of plates, with turned edges, 
and there was such estensive corrosion on the inside of the bond 
that the back end came out and was blown 30 yards to the right 
and rear, the rest of tlie boiler being thrown to the front. The 
front plate had been repaired with angle iron where similarly 
corroded, and the shell was also much patched. The fractured 
edges were not -^^ inch thick, so that the boiler was not fit to canr 
any pressure with safety, J 



SOILES EXPLOSK'HS IN 1869, 



BTw. 18. Abingdon. {Fig. H.) May Uth. 2 kiUM, 2 



I 




Eevolvine Bag boiler, 16ft. long, 6ft. diumeter, ,'j in platea. 

There was no fire applied to the boiler itself, but it received steam 

tbrongb one end from other ordinary boilers at 60 Iba. pressure. 

Xhere were two large rectaagolor mouholea for putting in and 

ig out the rags, with cast iron &amea and lids, attached by bolta 

ith large nnts or clamps. 

The explosion appeared to have taken place when, in revolving, 
e manlids were approaching the bottom, and the first part to give 
ly was at one of the manholes where the frame was previouBly 
iken. The cause of the explosion was the weakness of the man- 
which were very large, and both in the same line, and the 
ihinent of the lids was insecure, as the bolts did not go through 
ir in any way help to compensate for the largo portion of 
[iChe plate cut away. The boiler was only supported at each end, 
^snd had to act as a hollow girder to bear not only its own weight but 
repeated shocks of the heavy material inside falling over and 
r in addition to the pressure. See Nos. 41 and 63, 1866. 



May 19M. 1 killed, 1 injured. 

Two tube Cornish. One of the tubes collapsed for a length of 
ES feet having become overheated through shortness of water, 

Vb. 20. Durham, {Fig. 15.) May 39(A, 3 injured. 

One often, 16 years old, Plain Cylinder with plates arranged 

lengthways, 3<ft. long, 5ft. 6in. diameter, ^'^ inch plates, 50 lbs. 
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^reunre. The boiler gave way at one of the long gtraight seams 
near the bottom, and rent into five pieces, which were scattered to 

Fis. IS. 
^^m iride distanceB, but oie bo dratra in sketch as to sho-fr -whereabouts 
^^P in the boiler they oome from. The boiler had been weakened by 

frequent repair until unable to bear the ordinary pressure. See 

Ho. 69. 

M. 21. Soua Wake. {Fig. 16.) May Slui. 5 killed, i injured. 




One of three, very old, plain Cylinder, with flat ends, 34ft. long, 
6ft. diameter, g inch plates, 40 Iba. pressure. There Lad formerly 
been a tube through the boiler, and when this was taken away new 
flat ends had been put in without sufHoieut stays to compensate for 
the loss of the tube. The front end was blown out, and the 
reaction sent the boiler npwarda and broke it into three pieces. 
See No. 47. 



BOILEK EXPLOSIONS m lB6e 



JVo. 22. BingUy. {Fig. 17.) -/«"» ^tk. 15 kilUd. 33 injwai. 



m^ 



Fig. 17. 
Two tube ComiBh, 16ft. long, 6ft. Sin. diameter, .fg inoh plates, 
60 lbs. preBBure. Tubes 2ft. 6in. diameter. The bottom was so 
mnch corroded that it rent open, and the boiler was torn to pieces 
which were acattered to wide difitaaoea. The boiler had been much. 
neglected and badly used, and the safety volvo was insufficient, of 
\ bad ooDstruotion, and overloaded, and the alarm whistle was gagged. 



I 



No. 23. Cornwall Jans 14iA. 

Comish, but no particulars have been obtained. 



injured. 



No. 24. Durham. {Fig. 18.) June \Uh. 3 hlhd, 1 injured. 




I 

I 
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soft, long, eft. 6iiL. diameter, f incb plates, 28 lbs. preMure, 
25 yean old. 

A. Bcam gave way over the fire where there had been frequent 
repair, and the boiler was rent into two piecea, which were thrown 
to some distance. Bee No. 59. 



No. 25. Airdrie. 



June 23rd. 



2 kilkd, 3 injured. 



Two tube Cornish, 35ft. lung, 6ft. diameter. Tulie 3ft. 2in. 
diameter over fire, and 3ft. diameter beyond, fiO Iba. pressure. 
The tube collapsed over the fire, having been very much weak- 
ened by frequent repair. 



No. 26. A«Heo(OB. (Fiff. 19.) 




Plain Cylinder, 25ft. long, 4ft. 6tn. diameter, fg inch plates, 
25 Iba, preBBure, The plates along the line of rupture were corroded 
to y'g inch, and in gome placoB mnoh less, bo that the boiler was 
quite unfit for the ordinary working pressure. 



BOU^R EXPLOSIONS IS I8G9. 



I<ro. 27. BirmiitgKam. {Fig. 20.) Juty Gth. 



I 




Small Plain Cylinder, 5ft. long, 2t't, 2in. diameter, 1 inch platM, 
25 lbs. pressure. Both aides of tlie boiler were corroded nearly 
through so that the strength was entirely gone, mid it rent in two 
at the ordinary pressure. 

Ko. 28. WithaK. Jalg 9th. 2 killeil. 2 injurfl. 

One of six. Breeches Tube. The tube or combustion chamber 
collapsed, having become overheated through shortness of water. 



Xo. 29. Kidderminster. {Fig. 21.) Juhj \Gth. 1 kUUd, 4 injured. 




I 



Eig. 21. 

Plain Cylinder, 21ft. long, 4ft. 6in. diameter, | inch plates, 
50 lbs. pressure. The boiler was very old and very much corroded. 
It had slightly rent open at some former time, and a most wretchedly 
made patch, shown in enlarged sketch, had been put on to stop 
leaking, made of thin sheets of iron inside and out and posteboard 
between, held together by 36 slight bolts. Of course this patch did 
not restore the strength of the boilor, and it soon leaked badly, and 
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a leaking hastened the corrosion of the plate below, until it W! 
u\y eaten away, and quite unfit to bear the working preaanre, 

Aa, 30. Laedt. July \%fh. 1 ttffia-ed. i 

One of three, 12 years old. Two tube Comieh, 32ft. long, I 
7ft. Gin. diameter. Tube 2ft. lOln. diameter, g inch plates, 4S lbs. 1 
pressure. The right hand tube collapsed from end to end aidewaya, 
and ruptured in the furnace, and part of the tube was blown out. 
The cause of the explosion was simply the weakness of the tnba I 
without Bti«ngthening rings 



Ifo. 31. South Waltt. 



22.) July 19/A. 




One of two. Plain Cylinder, 32ft. long, 6ft. diameter, J inch 
plates, 40 Ibp. pressure. It gave way where deeply oorroded on 
the inside. 



No. 32. Surslem. {Fiff. 23.) July 22nd. 



1 hilled, 3 injured. 



One of six. Plain Cylinder, 36ft. long, 6ft. diameter, g inch 
plates, 50 lbs. pressure. Although the boiler was not an old one, 
it had been much repaired at the seams with strap plates. It was 
said that the water was very bad, and deposited much mud, which 
allowed the eeams to get overheated and injured. The seam which 
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reut was an original one, and no donbt was ripped as the otht-rs had 





Fig. 23. 
been before repaii, and that this rip extended from, hole to h 
nnta a rupture at the ordinary pressure was the result. 



No. aa. Preeton. 



August Ath. 



Locomotive. In shunting the engine vroe dragged under a, bridge 
that was not intended for looomotiTes to pass, and the dome was 
locked off. 

No. 34. London. {Fig. 2A.) August Ulk. a kiUed. 




Us. 2i. 



Marine, 8ft. long, 5ft. 6in. diameter, f inch plates, 80 lbs, pressure. 
The flat front end gave way at the angle iron all round, allowing 
the front with tubes attached, and the shell to be thrown in opposite 
directions. 

The front being flat was very weak, and depended for its strength 
on gusset stays and small bolts connecting the hack of the comba&- 
tion chamber and the ronnd end of tho shell. These stays were 
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very defective sad insufflcicnt, and the angle iron was bad and not 
welded into one ring, and the boiler yras therefore nnfit to bear the 
ordinajy pressnre, and gave nay at the weakest place- 



bo. 35. Commall. {Fig. 25.) Avguat \6tk. 




Tube 4ft. 

There was no 



I'ig. 25. 

One tube Corninh, 32ft. long, 6ft. fi 
diameter, ^j inch plates, 40 to 50 lbs- pressure, 
steam guage. 

The tube collapsed from end to end, both ends being torn, but the 
boiler was not moved from its seat. The fusible plug was uninjured. 
The cause of the esploaior was the weakneea of the large tube. 
See No. 57. 



JVo. 36. Lticester. {Fig. 26.) September ls{. 



IB 



Fig. 26. 



1 injur*^^ 



Upriglit, 6ft- 6in. high, 4ft. diameter, -f^ inch plates, 40 lbs. 
presaure. The top of the boiler was blown out. The rent com- 
menced in the manhole, which was unguarded by a ring, and cracks 
two inches long had existed before explosion. See Nos. 12 and 18- 



BOILEE EXPLOSIONS IN IBOB 
JVb. 37. Preston. {Fig. 27.) September 3rd. I kUkd, 1 injurtd. 



I 




Fig.'. 



One of two. Two tube Coniish, 80ft. long, 7ft. 2m. diameter. 
Tabe 2ft. Sin. in furnaces, and 2fC. 4ui. beyond, | iiiob plates, 50 Iba. 
pressure. 

The left fiimace crown collapsed and ruptured, and the right 
furnace crown was slightly altered in shape. The two boilers were 
connected by one feed pipe without back valves, so that the water 
jxom this boiler was forced into the other and allowed the tubes to 
be overheated. 



Lkerpool. {Fig. 28.) Septemher Stk. 1 killed, 1 injured. 




One tube Cornish, 22ft. 6in. long, 6ft. diameter, 3it. tube, -^g inoh 
platea, 55 lbs. pressure. 

The tube collapsed over the fire. It was so much thinned by 
corrosion, aad so many of the rivet heads were eaten off, that tiera 
yraa not utreugth left tfl bear the ordinary pressure. 




BOILEE EKPLOSIOSa IN 1880, 
No. 39. Bnxnoor. {Fig. 29.) Septemhtr lOth. 1 killed, 4 irtjur 



m^^gfk 



Fig. 29. 
One of three. One tube ConuBh, 27ft. Sin. long, 6ft. diameter. 

Tube 2ft. loin, over farnace, and 2ft. 8in. beyond, f inch plates, 
40 lbs. prcBBure. One ring of plates was blown out of tlie back_ 
end of shell. 

There was such extensive external oorroBion on tie seating at 13 
bottom that the boiler was unable to bear ibe working presHuie. 

No. 40. Hull. {Fig. 30.) Septcmbor I6th. 1 tilled, 1 injur 




Fig. 30. 

Breeches Tube, 13 years old, 30ft. long, 7ft. diameter. Furnace 
tube 2ft. lOin. diameter. &tain tube 3ft. 5^in. diameter, and 
originally made to work at 20 Ibg, pressure, but working lately at 
45 IbB. The main tube collapsed. The boiler was not adapted for 
the preaeuie at which it was worked, and the tube was much 
weakened by the overheatiag caused by a thick incrUEtation of scale, 
and was not strengthened by any rings or stays, and was of very 
weiik construction as the plates were arranged lengthways. 



BOILER EXPLOSIONS IN 1869. 
JTo. 41. South Walci. (i^>. 31.1 StpUaihtr 2Bth. \ inVed,\i itkjwii. 



^ ^1^^^ 




H Fig. 31. 

" One of two, 20 years old. Plain Cylinder, 36ft. long, 6ft. Gin. 
diameter, j'g inch plates, 35 lbs. prOBBure, 

The plates and rivet heads were very much reduced i 



■fay internal 



and in many placea were only ^ inch or less. 



October GiL 2 Mlled, 6 injured. 

Two tube ComiBh, 22ft. long, 7ft. 6in. 



JVo. 42. Warrington 

One of seventeen, 
diameter. Tube 2ft, 6in. diameter, /y inch plates, 46 lbs. preBsure. 

The left hand tube collapsed. The blow-off cock was left open 
imtU. the water was so low as to allow the tube to be overheated. 



No. 43. Jtowley. {Fig. i 



Oetoier lUh. 



9 injiiT»d. 



I 




F^. 33. 



Plain Cylinder, with flat enda, 15ft. long, 3ft. lOin. diameter, 
I inch plates, 25 lbs. pressure. 

The back end ripped all roand the angle iron, and was blown out, 
and the rest of the boiler was thrown forward a considerable 
distance. 
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Than had onoe been an ictenml tube, and vlien this was taken 
oat the flat end had no stay, and was unfit t« bear the uBoal 
pressure. See No. 47. 

M. 44. Stwcoitte. {Fig, 33.) Octoher Hth. 2 Ullsd, 5 inj«r«i. 




Tig. 33. 

Plain Cylinder, with plates arranged lengthways, 29ft. long, 6ft. 
diameter, ^ inch plates, 25 lbs. pressure. 

Although only 3 years old the boiler had always given trouble, 
and had been very frequently repaired. Some new plates had just 
been put in the bottom, and as the primary rent was in the old 
plotes adjoining them, it is most likely they had caused seam ripi 
in the old metal. 

The Sequent repmr had redurad the strength until nnequal to 
bear the ordinary pressure. See No, 53. 

M. 45. ereatbridye. (Fig. 34.) Octoiw ISth. 2 killed, 2 injured. 




One of eight, 15 years old. Plain Cylinder, 40ft. long, 6ft 
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diameter, J inch plates. The boUer Iiad originally carried 60 lbs., 
but lately only 40 lbs. The boiler had been worked very hard, and 
had been so often repaired, that many of the seams were continuous 
for a long distance without break of joint, bo that ita strength vtM 
reduced until unahle to bear the ordinaiy pressure. 

The treacheronsncBs and uncertainty of hoilera with one patch 
over another has often been pointed out, aa in Nos. 3, 4, 10, and S2. 



iVb. 46. 



[Fi^. 35.) Octobfr 19W. 2 h'lUd, 3 imurfd. 




Fig 35 

One tube Comiah, Hft, 6ia, long, 5ft. diameter. Tube 2ft. lOin. 
diameter, .j'j inch plates, 40 lbs. pressure usually, and Bometames 
60 lbs. One ring of plates was blown out of shell. 

The boilerwas so very badly corroded at the bottom, that the edgea 
of the rent were quite sharp liko a knife, and the hoUer was there- 
fore unable to bear the usual working pressure. The flues were too 
narrow to enter for proper inapention, and the bearing surfaces n 
too wide and retained moisture against the plates. 

TTo. 47. Lyiney. {Fig. 36.) OotoUr %Ul. 1 lillei. 
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One of four. Plain Cylinder with round front and flat back end, 
36ft. long, 6ft. diameter, -j'j inch plates, 20 lbs. pressure. 

The flat end waa blown out, the rent eid^ending all round the 
angle iron. 

There bad originally been a breeches tube in the boiler with a 
atrong stay to the front end, but when this waa taken out no atays 
were put to the flat end to compensate for the loss of their support. 
The angle iron attaching the flat end was made in four pieces instead 
of being welded, and it was reduced to -^g inoli thick by external 
corroBioB, so that it was not etrong enough t^ bear the ordinary 
working presBure. 

The extreme impruderce of altering boilers without due care to 
preaerre their strength has been often pointed out. See Nob. 21 
and 43. 



No. 48. ^eiccastle. {Fiff. 37.) Oeioi^ 29th. 




njured. 



Fif. 37. 

One of BLx. Plain Cylinder, with plates arranged lengthways, 
40ft. long, 6ft. Sin. diameter, 40 lbs. pressure. 

The boiler gave way at the firo end, and divided in two, and botJi 
pieces were blown to a great distance. The boiler was old and had 
been much repaired, and the seams running from end to end made 
it very weak, but the immediate cause of the rupture was supposed 
to be shortneBB of water and consequent overheating of the plate*. 
See No. 69. 



BOILEK EXPLOSIONS EN I 
Xo. 49. Stoeiporl. October 30(i. 1 lilUd. 

^M Fig. 38. 

^V^ One of eight. Two tube Cornish, 30ft. long, 7ft. 4in. diameter. 
Tube 2ft. llin. diameter, | inch plates, 50 lbs. pressure. 

The crown of the right hand tube became overheated from short- 
ness of water, and bulged down and rent half round at the second 
Beam of rivets. 




No. 50. BurJutTo. {Fig. 38.) Hosmlfr 2nd. 



1 injured. 




One of four. Plain Cylinder, with the plates arranged length- 
ways, 33ft. long, 6ft. 6in. diameter, § inch plates, 35 Iba. pressure. 
A seam over the firo slightly to the right side gave way where there 
had been frequent repair to stop leaking. At the part which gave 
way there had formerly been a side fire, which had perhaps damaged 
the seams. This boiler was known to hare been in bad condition 
and needing repairs. See "So. 59. 



BOILEH EXPLOSIONS IN 1869. 

' JK). 61. Shttrnfta. (Piff. 39.) Nwember 3ni, 11 hUed, 7 injured. 




Fia. 40. 

Oue of three. Marine, 15ft. 6iii. long, 6ft. diameter, furnace 
Tube 2ft:. 4in. diameter, g inch plates, 80 lbs. pressure. 

The left hand tube collapsed ttnd ruptured, and the contents issued 
at the front and scalded all near. The right hand tube -was also 
slightly out of shape on the top. 

The cause of the collapse was, that the water had been allowed 
to get below the crowns of the furnaces. There was no means of 
ascertaining how the shortness of water oocurred, as all were killed 
who had the opportunity of knowing. 

iPb. 62. Cormcall. {Fig. 40.) N'oveiaher 2bth. 1 injured. 




^ 



BOILER KIPLOSIONS IN 1869. 

One of five, 30 yeara old. One tobe ConuEih, 36(1. long, 7ft. 
diameter. Tube 3ft. lOin. diameter, ^^ inch plates, 40 lbs. prewnre. 

The shell was rent into sereral large pieces and throvn to soma 
distance. The tube was also thrown oat and broken, chiefly by tti 
full and striking against Wiilb. 

Tho boiler was corroded very badly on the seating, which must 
have been kaown, as there were numerous small screw patches to 
prevent leaking at the corroded places. The shell was in such Imd 
condition, that it was quite unfit to bear the ordinary working 
prepare. See So. 58. 



JTo. 53. BiUton. {Fig. 42.) Beetmher Srd. 8 hlltd, 1 injured. 




I 



Fig. 42. 

One of three. Four Furnace Upright, 20ft. high, 10ft. diameter. 
I Centre tube 10ft. high, 4ft. 6iD. diameter, side tubes 2ft. diameter, 
f inch plates, 35 lbs. presHure. 

The central tube collapsed, and the bottom part was blown out, 
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and allowed tfau contents of the boiler to issue from the hottom into 
the culvert leading to the stack, and into the nocks of tlie fumaces 
from which it was heated. The reaction sent the boiler up tx) a 
great height, and it divided into eleven fragments, which were very 
widely scattered. Comparatively little damage was dune to the 
furnaces and premisce, only the brickwork Burrounding the boiler 
being thrown down. 

Although it had only worked a. short time at this place, it was 
very old, and the central tube was corroded until only J inch thick 
in many places, and many of the rivet heads were quite eiiten away. 
It was altogether so worn out that it was quite unfit to work at 
any pressure. 



M. 64. Cormcall. (il>. 43,) Deeembtr 6th. 







Fig, 43, 

One tube Cornish, 32ft. long, 6ft. diameter. Tube 4ft. diameter, 
,'j inch plates, 40 to 60 lbs. pressure. The tube collajised from 
end to end, and the front portion was blown out with the front end, 
and the back end was left attached to the shell, and but little moved 
from its seat. 

The cause was doubtleae the weakness of suoh a large tube. 
This is the third explosion at this engine. One of the previous 
explosions is diacribed at No. 35, 



JVo. 55. SloiuJumm. Deeemher 9lh. 

Locomotive, but no particulars have been obtained. 



2 injured. 



Ifo. 66. Cornwall. {Fig. 44.) Dtcemher 10*S. none injured. 

One tube Comlah, 26ft. long, 6ft, 6in. diameter, tube 31t. lOin. 
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diameter, | incli plates, 40 lbs. preMuro. The tiilw collapwJ find 
niptnred in the central part from weakness. 




1 

^"'Oae tube Comwh, 32ft. long, 6ft 6in. diametor. Tube 4ft. 
diameter, f inch pliites, 60 lbs. pressure. 

It was an old boiler, and some of the plates of the tube were 
thinned by corrosion, hut it had only just been put to work at this 
place, and burst the first day of working. 

The tube collapsed beyond the bridge, and the back part with the 
back end plate waa blown out to a great distance The front end 
was also ruptured, and the whole boiler was sent forwards The 
tube over the fire had not collapsed. The cause of eiplosion was 
the weakness of such a largo tube without strengthening rings. 

Many similar boilers have exploded in the same way from the 
same cause, as described in Nos. 28, 30, 35, 40, 54, and 56. 

ilTo. 68. Comwalt. {Fig 46.) Bmmher lith. 2 killed. 

One tube Coraiflb, 26ft, Sin. long, 6ft.. d\Bm.etBi. Tate Sft. IQlo.. 



Boiler explosions ik isgs. 

at front end, and 3ll. beyond, /j inch plutes, -10 lbs. pressure. 
The shell was rent into several pieces, which were acottcredto 
■wide distances. The tube was also thrown to a, greot distaace, but 
was uninjured. Thu boiler was 36 years old. The shell was vetj 
badly corroded, and temporarily repaired witli screw patches to stop 




One of three Plaia Cylinder, with plates arranged lengthways, . 
47ft. long, 6ft. diameter, | inch plates, 30 Ihe. pressure. Xt gave J 
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"way at the aeams ovor the fire, where thu edgea of the plitU's hud 
Iwen injured hj injudicious aad exccasiTe repairing and oaulkicg. 
The pieces were sent to great diBtances. The weakness of boiler* 
■with seams from end to end in continuouB linea Uoa often been 
pointed out. Eight of the expicMJed boilers this year, Noa 5, 15, 
20, 24, 44, 48, 50, and 59, and many others in former years were 
of the same objectioEable conatroctioo. 



The following, not being steam boiler 
list, but the details may be useful. 



: not included in the 



I 




Tar Still, 10ft. high, 7ft. diameter, with round top and domed 
bottom, g inch plates, and not intended to work at any pressure. 
The vapour passing away became congealed, and stopped up the 
small exit pipe, and preEsure accumulated sufficiently to burst the 
weak shaped vessel. 

The bottom came completely out and was left upon the fire, while 
the top ascended to a great height and lell a long distance away. 
The loss of life was owing to the material igniting and suffocating 
those who were thrown down by the esplosion. 

Greaihridge. Beembtr 29(J, 2 killed. 

Tar still. 12ft. high, 12ft. diameter, § inch plates, and not used 
at any pressure usually. 

Theupper part separated from the bottom, reading in the angle ijon 
all rotmd. The angle iron near the outlet pipe was corroded niiiuiy 
sway, as shown in enlarged sketch, and the rivet heads were ^aten 
completely off. 



It was supposed ttuit tbo intense frost, during a long stoppage fbr 
buliduys, hud caused the worm to be stopped up and pressure to 




[iccumulatc, as in the one previously described. But it is perhaps 
more probable that the vessel gave way beeanse it was corroded bo 
thin in so important a part as the angle iron. The explosion wss 
very slight, the damage and loss of life being from the fierce fire 
which immediately succeeded it 

Darlinglon. August 26lh 2 injured. 

Domestic. Bectangukr, and made of wrought iron. The front 
blew out. It was said that all tho communication pipes were shut, 
and therefore steam accumulated until the weakest part gave way. 



ManckeiUr. 



Decemhfr 291L 



I^ 



1 liilUd, I injured. 



The sketch is to a much larger scale than the others. 



f 



BOILER EXPLOSIONS IN 1869. 

Domestic, Hin. wide, 11 in. high, and about lOin. deep, made of 
cast iron i inch thick* It had close top and two circulating pipes to 
warm a bath about lOft. above it. The supply cistern was about 
1 7ft. above the boiler. The front was blown out into the kitchen. 
It was said that the pipes were frozen, and that steam pressure had 
ihns accumulated. 

The boiler was of a treacherous material and weak shape, and 

unfit to bear safely the 7 lbs. pressure the column of water from the 

dstem would give. The fire also acted on the sides of the boiler 

without any intervening brickwork. If a closed top boiler is used, 

theie should be a dead weight safety valve to prevent pressure. 

A far safer plan is to have the kitchen boiler with open top and 

the circulating heater within it, so that it can never get overheated, 

as it only obtains its heat from the water in the open boiler. 



H, Broomhallj Printer^ 8tourhridg$, 



BOILER EXPLOSIONS IN 1870. 



[ JTo. 1. Miceastle. fl^g. \.J January 7th. 3 killed, 1 injured. 




One of five. Comish, X3 years old, 30ft. long, 6ft. 6in. diameter. 
[Tube 3ft, Sin. diameter, g incli plates, 30 Iba. preBsure. Tube 
I oollapged sideways from weakness, and tlie &ont part and the front 
C plate were blown out, carrying the attendants into a deep and 
p BTFoUen river which ran close in front of boilers. 

f Ifo. 2. South WaleB. (Fiff. 2.) January I5th. 1 killed, 4 injured. 

Plain cylinder, very old, 32ft. long, 6ft. diameter, -f^ inch plates, 
80 lbs, presauie. Eitemally corroded to -^ inch, and gave way 
[ near a seam, the front being throvn forward into a house, and the 



I 
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back end ISO ynrda to the rear, carrying away the stack. It had 
been badly repaired with bolted patches which had kaetened cot- 




Fig. 2. 

rosion, and aa it was known to be nearly worn out, it w 
been replaced in a few days. 

m. 3. Worhop. {Fig. 3.) January 2Uk. 



3P 



Fig. 3. 

Domestic, 2ft. wide, 1ft. lOin. high, and 7in. deep, | inch plates, 

with badly welded jointa. The circulating pipes to cistern, 15ft. 

above, were frozen, and steam pressure accumulated and blew out 

the front. 

No. A. Ipswich. {Mg. 4.) February At%. 1 killed. 
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One of three. Cornish, 7 years old, 24ft. long, Sft. diameter. 
Tube 8ft. diameter, ^g inch plates, 65 lbs. pressare. The boiler 
\raa good and well fitted, but an accumulation of eolt on tube caused 
OTerheating and rupture of Srd seam. 

JVo. 5. Sheffield. {Fig. 5.) Febrvarjf Uh. 2 hllei, 6 injwrti. 




^* One of three. Bag Boiler, 2 yeare old, lift, diameter, Q^ft. 
deep, -j'b inch plates. Steam was supplied from the engine exhanat, 
and was usually about 10 lbs. pressure, but as the boilers firom 
which the steam was originally supplied worked at 60 lbs., it ia 
possible this was sometimes exceeded. The veasel was of very weak 
shape for even 10 lbs. ptefisure. 

N'o 6. Btrhij. {Fig. 6.) February UM. 1 HlUi, 2 injurea. 

Bomeatic, 1ft. high, 1ft. wide. Sin. across top, and 12in. acroBS 
bottom, made of cast-iron, ^^ inch thick. The firo had been lot out 
sometime, and the circulating pipes to cistern IBffc, above wero 
frozen, and on lighting fire steam wna formed for which there waa 
no escape, and the boiler was shattered. 



3^ 
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r 




J^. 7. 



Bomestio, used for warming rooniB above, 2ft. 6m. wide, 2ft. 
high, 9in. across top, and I3iE, serosa bottom, | inch plat«B. The 
oiroTilftting pipes to ciatern, 12ft. above, wero frozen, and steam was 
fonnod for which there was no vent, and boiler was rent open, 
joints were bo badly welded that they soon gave way, and littl 
damage was done to property. 




BOILEH EXPL0BI0N8 IN I870. 

■were overheated by shortneBa of water, and gave wny at ordinary 
preBBure. It is supposed the water " kicked " into the other boiler, 
as there waa no back valve to prevent this whenever one boiler 
happened to be fired a little harder, and coitBequcntly at slightly 
higher pressure than the other. There vae no damage except to 
the boiler. 



Jfo. 9. Birmingham. {Fig. 9.) February 25th. none injured. 

^^^^" Fig. 9. 

Comiih, 5 years old, 32ft. long, 7ft. diameter. Tube 2ft. 4in. 
diameter, -^ inch plates, 30 lbs. pressure. Cracked along the 
bottom of front end where internally "furrowed." The boiler woa 
not disturbed, hut as the water escaped into an iron furnace the 
bricks were scattered, but little damage done. The boiler was 
intended for two tubes, and therefore there was a large part supported 
only by stays, allowing of a slight movement with varying pressure 
which facilitates the corrosion in certain lines of strain called 
" ftuTOwing." In this case they were so close to the angle iron 
and filled with soale that they were difficult to detect. 

M. 10. Cornwall. {Fig. 10.) March llth. 5 injured. 




^m^ 



Upright Boiler, 2 ft, high, 1ft. gin. diameter, i inch pUites. It 
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gave way irhere deeply corroded estemallf roaad tiie bottom angle 
iron. The top was blown tirougb the roof and did considerablo 
damage, the bottom being left in the grato. 



JVp. 11. Sheffield. {Fig.n.) March 27tA. 



I infwiiM 



B jvc. 11. 

■ Fi!,. 11. 

^P Agricultural or Contractor's Engine, 9ft. Sin. long, 3ft. 6in. 
diameter, g inch plates, 30 lbs. pressure. The heads of stays on 
each side were corroded outside and drew through the holea, 
allowing the angles of fire box to open. Boiler was not disturbed 
nnd no damage was done. 




J'ortmotah. fFiff. 12.J March 29th. 3 killfd, I injurtd. 




i 



Fig. 12, 
One of two. Cornish, 9 years old, 22ft, long, 6ft. diameter. J 



BOILEE EXPLOSIONS IN ISTO. 

Tube 3(1:. diameter, f inch, plates, 40 lbs. pressure. Gave way at 
midfeather wall where corroded to i^t inch, at a place where flues 
were too narrow to enter. Two rings of plates were torn out and 
blown into an adjoining street, while the reaction of the escaping 
contents forced the boiler into a building in a very singular manner, , 
doing very great damage. This case is of peculiar interest, becauM 
althongh the canse of explosion was so plain to see, all the old 
theories of decomposition of steam, and ignition of hydrogen, were 
revived, and it was even stated that " a bad boiler could not 
esplode, as the corroded part would give way, and allow the 
steam to escape harmlessly," and any cause seemed to be con- 
sidered more probable than the plain and simple one, that it was 
corroded to the thickness of card board. Like many other examples 
this explosion shows that however well a boiler is tended, it should 
be examined in the flues to make sure that it is safe. 

Ifo. 13. Mmcheattr. March SOth. 2 Ulled, Z injured. 

Underground. Some alterations were being done to some brick 
arching, which fell upon and broke steam pipes, and the escape of 
je near. 



I 

I 



N». li Warrington. (Fig. 13.; April 15th. 6 UIM, 3 injured. 




BOILEB EXPLOSI0.VS IK 1870, 

Laneasliire, used for evaporation onl;, 24ft. Gin. long, 
diameter, § Inch plates, and oaaally worked with littlfl or 4 
presgnre. 

The boiler was very old and much patched, and incapaWfl of 
•bearing the 15 lbs. presBore which was tempoTarily put upon it. 



JVe. 15. Scotland. 



Plain cylinder, said to have exploded from shortneBB of wat 
lut no particulars have been obtained. 



No. 16. Cornwall. {Fig. 14.) April l%th. 1 kilUi, 1 injured. 




One of two. Cornish, very old, 34ft. long, 6ft. diameter. 
3ft. lOin. diameter, g inch plates, 50 Ibe, preBsure. The tube 
coHapeed and the front part waa blown ont, and the boiler was 
forced baok a little. It was said to have been short of water, hat 
the weakness of a tube of such large diameter was most likely the 
true cause. 



m. 17. Wellington. {Fig. 15.) April 22k4. 



^H Une 

^^b finch] 



One of two. Balloon, very old, lift, high. Oft. eia. diameter, 
inch plates, 5 lbs. pressure. The bottom was corroded externally 
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to % inch, and temporarily repaired witli screw patches, and wn 
BO reduced in strength that it gave way at the ordinary pressure. 




The top 1 



Fig. 16. 

I blown about 20 yards away, but little damage 



No. 18. CornteaU. 






I in/ttr»d. 



Cornish, 30ft. long, 6ft. diameter. Tube 3ft. 6in. 
40 lbs. pressure. Boiler gave way under bottom where corroded 
rery thin, hut little dam^e was done. 

M. 19. Darladon. (Fig. 16J May. none injured. 



^^BOoniieh, 16ft. long, 4ft. Sin. diameter. Tube 1ft. 6in. diameter, 
^m* inch plates, 40 lbs. pressure. Tube collapsed and ruptured, 

haying beon softened by overheating through shortness of water. 

Very little damage was done. 

No. 20. Weitbromwieh. {Fig. 17.) Mat/ 12th, 2 iillei. 

One of three. Plain cylinder, 5 years old, 34ft. long, 6ft- 




BOILEE EXPLOSIONS IN 1870. 

diameter, j'g inch platea, 45 lbs. preasure. Gave wuy by tlie rent 
ripped eeam over the fire, ■which had been repeatedly tempo- 
nuily patched without restoring tho strength or stopping ^ rip. 




Fig. IT. 

e rings were torn out of tho middle, while the front end was 
blown into the bed room of a house, and the back part of the hoilef 
was throwB across a canal through two walls into a distant atreet. 
Great damage vba done. 



No. 21. Dublin- (Fig. 18.> Mmj lUh. 3 lilkd, 6 injurei. 




Fig. IS. 

Cornish, Second-hand, but just started at tiiis place, 26ffc. lon^il 
I 6ft, diameter. Tube 3ft. diameter, f inch plates, 40 ] 
I preBBure. Tube collapsed from end to end. The pressure at t 
I "Was supposed to be 70 lbs., and as there was no evidence of shortnea 
I of water, it is presumed the tube gavo way from weakness. TbftH 
PfcoQer was moved forward about 20 feet, but much damage wfasi 
premises. 



n-EE EXPLOSIONS IS 1870. 



No. 22. Bury. [Fig. 19.) May 2bth. 







Mg. 19. 

Domeetdc Saddle, 5ft. long, 3ft. Ligb, 2ft. 6iii, wide, f iocli 
plates, 15 Its. pressure, the ciateni being 30ft. abovo. There were 
BO stays between the inner and outer shell, and the space betweec 
them was too small to allow proper circulation of water to keep tho 
plates from overheating, bo that it was hardly fit for its ordinary 
presBure, and the top waa blo'fni off. 



{Fiff. 20.) May 26th. 13 hVid, 9 injured. 




Ji». 20. 

|.'One o£ three. Four Puinace Upright, 12 years old, 17ft. 6in. 
1, 9ft. diameter- Centre tube 5ft. 9in, diameter, | inch platea, 
40 lbs. pressure. The centre tube was much corroded on the inside 
and collapsed inwards from, consequent weakness, allowing the 
contents to issue at the bottom of the boiler, and the reaction 
Bent the whole boiler high up into the air, and on to a roof causing 
great damage. 



BOILER EXPLOSIONS IN WO. 
' JVo. 24- Lowftofi. (Fiy. '2\.J May 27th- 



Fig. 21. 
Crane or Donkey boiler on board a vessel. About 6it- Hgh, and 
3ft. diameter, 25 lbs. pressure. The internal fire box coUapsed from 
the softening of tbe plates thiougb sbortness of water, tbe blow off 
pipe baring been left open too long. Little or no injury was done 
to tbe ship. 



Ho, 25. Birmingham. 



(Fig. 22.J June 2nd. 



2 killed, 1 in/"ar«?: 




J%. 22. 

Cornish, 6 years old, 21ft. long, 6fl. diameter. Tube 8ft. diameter, 
^ inob plates, 40 lbs. pressure. The tube was so mucb weakened 
by cracks and by being out of true circle, that it collapsed from end 
to end at tbe ordinary working pressure. 






No. 26. Wigan. {Fig. 23.) Jum 6th. 



injitred. 




1 EXPLOSIONS IN 18-0. 

One of two. Conmb, 28ft. Tin. long, 5ft. 4in, diameter. Tube 
3ft. diameter, alightly oral, | incli plates, 50 lbs. pressure. Tnbe 
coUapeed orcr the fire and raptnred from weakncas. The boiler 
-waa not moved and the damage was not great- 



Jfo. 27. £ui-s/. 



em. 



I tnjMred. 



lancaahire- The plates were reduced to -^ inch by external 
corrosion, so that the boiler was not able to bear the ordinary 
jresBTire, but no details have been obtained. 



No. 28. Workington. {Fig. 24.) Jjin« 9lh. 








One of two. Comiah, nearly new, 16f6. long, 5ft. diameter, 
I inoh plates, 45 Iba. pressure- Three plates over fire collapsed 
from overheating througli shortneae of water. 



No. 29. Nottingham. {Fig. 25.) June nth 



3 injured- 



\ 






A* 



li^^^S 



Ten years old. Plain cylinder, with fiat ends, 10ft. long, 2ft- 
diameter, diagonal seams, ^ inch plates, 25 lbs- pressure- The 



liOILEB ESPLOSIOSS IN 1870. 

■wholo shell was blown 80 yards to the front, and Hie chinmey and 
engine houae mach damaged. It was much corroded and badly 



2 killed, 1 ijijured- 




Sixteen years old. Galloway, 2()ft. long, 7ft. diameter, § inch 
plates, 56 lbs- pressure. There was a combustion chamber between 
the furnace tubes and the main tube, and this had been lately 
repaired insecurely, and gave way and burst upwards- The boiler 
was not moved, but the contents issued bo violently that a good deal 
of damage was done to surrounding premises. 



No. 31. Glasgow- {Fig. 27.) June llth- 




iTijared. 



Crane Boiler, about 2 years old, 7ft- high, 4ft. diameter, j inokJ 



BOILEE EXPLOSIONS IS 1870. 

plates, 50 lbs. pressure. The internal fire box collapsed and tlie 
external shell was blown to pieces. There was no sign of sbortneas 
of water, but it is supposed that the fire box was not ciroiilar, and 
therefore too weak to bear the ordinary pressure- 



No. 82. Bihton. {Fig. 28.) Jme 2Ut. 



2 killfd, 6 injured- 




One of seven. Plain cylinder, 30 years old, 30ft- long, 8ft. Sin. 
diameter, ^ inch platea, 35 Iba. pressure. It gave way over fire 
place, where it had been weakened by frequent repair, which had 
caused a seam rip near a patch. The fragments were widely 
scattered, and much damage was done to the premises. The 
insecurity of boilers so frequently required with patch upon patch 
lias been often pointed out. 



No.&'A. Darlington. {Fig. 20.) Jane 24lh. 2 injured. 

One of twclTe- Two Furnace Upright, about 2 years old, 20ft- 



BOILEE EXPLOSIONS IN 1 



high, 8ft. diameter, j^ inch platea, 30 Iba, preesDre. The wd 
was allowed to run so low that the plates softened fay the overhea 




f\ff. 28. 

ing, and a Binall piece waa blown open and threw down ( 




liff. 30. 
One of two. Balloon, 34 years old, 13ft. diameter, lOit. hi^ 
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b plates, 7 lbs. pressure. There were no stajrs, and the boiler 
I of very weak shape, and as the boiler it worlied with was 
laded to 15 lbs., it is presumed this also was exposed lo that 

pressure, nud buret in conse^nence. It gave way at the auglo at 
front OTer the fire, and was tbrowa over the engine bouse. 

JVo. 35. Man^mUr. {Fig. 81.) Aw 27«. 2 killtd, 1 injurti. 




i of four- Galloway, 4 years old, 33ft. long, 8ft. diameter, 
-^ inch plates. Tube 2ft. lOin. diameter, originally intended for 
40 lbs., but worked at 65 lbs. pressure. The left band tube 
collapsed aideways, having been very much weakened by internal 



Karine. One of tho oval tubes collapsed. The boiler waa 
ironed at a higher pressure than it was capable of bearing safely, 
bet no particalars have been obtained. 



So. 37. Scotland. 



July 3rd. 



2 killed, 3 injitrei. 



Plain Cylinder, 3 years old, 20ft. long, 4ft. diameter, 251bB. 
pressure. It was so corroded inside about the water line from bad 
water, that it gave way at the ordinary pressure. The boiler was 
thrown 1 60 yards from its seat. 



flOILEE EXPL0SI0M3 IN 1870. 
BOom rip, caused by bad repair, bad bo far weakened it that it w 




Fiff.Z5. 

unable to bear the UBual preseore, and the ends were blown i 
opposite directions. 

No. 44. &eter. {Fig- 36.) Septmlur 21th. 1 Hlln 




Jig. 36. 

Loncaabire, 2 years old, 31ft. long, 7ft. diameter, tube 2ft. lOifl" 
diameter, with 56 Field tubes in each, | inch plates, 45 lbs. pressure. 
The right hand tube collapsed and raptured from softening of plates 
through ahortness of water. The fire waa blown out and set the 
piemiseB on fire and much damage was done. 

iVo. 46. Cardiff. Odoher Ut. 1 kilM, 2 injured. 

LocomotiTe, 4J years old, 14ft. long, 4ft. diamer, ^^ inch plates, 
120 lbs. pressure. The fire box was reduced to -^ inch by corro- 
Bion, and unable to bear the usual pressure and rent open, and the- 
escaping contents rushed out at the fire doors and injured those near. 




BOILEfi EIPLOSIONS IN 1870. 
yb. 46. Liverfool {Fig. 87.) October Mh 4 killed, 4 injured. 



e 



^B Fiff. 37. 

Kain Cyliader, 6ft. ein, long, 3ft. 6in. diameter, | inch plates, 
80 lbs. presaure. The plates were corroded both inside and out, 
and in some places reduced to loea than y^ inch in thickness, and it 
was quite unfit to bear the ordinary preesure. The damage to the 
surrounding property was very great although the boiler was so 
small. The ehell of the boiler was thrown across a street into au 
upper room of the house opposite. 

No. 47. Bathgate. October Xith. 2 injured. 

Bag Boiler. The boiler becamo expoeed to higher pressure than 
it was intended to bear. The boiler houBe was destroyed, but no 
particulars hare been obtained. 



No. 48. Wahall. {Fig. 



Oetober I9th. 1 killedi 2 injured- 



I 




lig. 38. 



ConuBh, 7 years old, 13ft. Sin. long, 5ft. 6iii. diameter, tube Sft. 

6in. diameter, g inch plates, and supposed to work at 30 lbs. prea- 

BUie. The guage was so out of order that it only indicated half the 

* Teal presaure. The tube was not in good conditiou and had leaked 

very much and was quite unfit for the preBsnre of 60 Iba. to which 
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the valve was loaded. The tube coltapBed beyond the bridge, and 
the oontento issued at the back and drove the boiler forward 30 feet 
and into a voikshop. 



Wo. 49. 8oho. [Fig. 89.) Octeher 19«. 




1 iiUed, 1 injured. 



Ono or four. Lancashire, 23ft. loug, 7ft. diameter, tube 2ft. 6in. 
diameter, 30 lbs. pressure, usually, but 15 lbs. at time of exploBion. 
The left ude of left tube collapsed and rent owing to ehortuesa of 
■ vater. 

r No. 60. Morih Walei. (Fig. 40.; October l^th- 1 killed, 8 injurei. 



4t 



FSg.ifi. 

One of two, Cornish, 26ft. long, 6ft. 6in. diameter, tube 3ft, 
diameter, -^g inch plates, 23 Iba. pressure. The bottom was so 
thinned by external corrosion that it was not able to bear the usual 
pressure and rout open. Tho boiler was turned upside down, and . 
the house much injured. 



BOILEB EXPLOSIONS IS 1870. 
iVo. 51. B«rmrk. (/i>. 41.) Ocloher lUl. 



Fig. 41. 

ConuBfa, 12ft. long, 4ft. Sin. diameter, tube 3ft. 4iiii. diameteTfJ 
f incli plates, 82 lbs. pteESure. The tube coilapsed, having bccom»9 
orerlieated throngh Bhortness of water. 

iVb. 52. Sheffield. {Fig. 42.) OcloUr 2m. 1 lilM, 1 injvrtiA 






lij. 42. 

Locomotive, U years old, 9ft. 6m. long, 4ft. diameter, J inch 
plates, 80 lbs. pressure. The top plate over fire box was blown off, 
having given way along a "furrow" caused by corrosion in a line 
f strain owing to position of stays. It was in a part of the boiler 
where it is not usual to £nd it, and as it could not he seen, it 
increased until unable to hear the usual pressure 



Ab. 53. Barlasfon (Fig 13} Odober ^lih 



' injured, I 



Plain Cylinder, 22ft. long, 4ft. diameter, ^V inch plates, 25 Ibe. ] 




BOILER EXPLOSIONS IK ISTO. 

The Tatcr wbb allowed to get so low that the aidee were 
•oft«ned by overheating, and rent open. The boiler waa not moved 
■od only a few bricks wore disturbed. 

' Afl. 64. Cvrnjeall. {Fiff. 44.) October 27W. 1 *i, 





i 



Fiff. 41. 

' three. Cornieb, 12 years old, 3Gft. loag, 6ft. diameter, 
9iii, diameter, g inch plates, 38 lbs. pressure. The tuba 
collapsed from end to cud, the front aud central parts being blown 
out. The shell and back of tube were thrown in one piece to the 
rear, and much damage was done. It was supposed to have been 
short of water, because the tube had collapsed, but it is more likely 
it collapsed because of its weakness without strengthening rings. 
A tube in this boiler collapsed in a similar way about 3 yean 
previously. 



'o. fi5. NtwoattU. (Fig. i5.J November nth- 1 killed, 2 injured. 

One of seven. PJain Cylinder, with plates arranged lengthways, 
80 years old, 26ft. long, 6ft. diameter, f inch plates, 35 lbs. pressure, 
mechanically fired. Gave way at a seam on the right hand side of 
the fire place, where the insertion of a new plate had caused injury i 
to the old plate, and it divided into two parts which were sent in 
different directions. The uncertainty and treachcrouBnesa of these I 



BOILEE EXPL08I0KS IM 1870. 

Straight Beamed boilers has often been pointed out. See No. 4l|l 
^anjr examples in fonner years. 




No- fi6. South Waht. Mftmbm- I9th- none injur*^ 

CtnmiBh, 7ft. diameter, tube 4ft. diameter, 40 lbs. pressure. Tuba 
I collapsed from 'weakness. 



■*(.. 57. SMielii. {Fig. 46.) November Utk- I killed, 




2 injurMft^M 

tars sinoo. ^| 



Fig. -46. 
One of tvo. Marine, aecond hand when put in 3 years s 
I Betom tube 12ft, 4in. Jong, slightly oval, 6ft. diameter at front, 
and 5ft 6in. at back ; tube, oval, 3ft. lOin, wide, and 3ft. deep, -^ 
I inoh. pl&tes, 25 Iba. preasiire. The tube collapsed. It was in suah. 
. a corroded and cracked condition, and eo badly repaired, with bi 
j patches, that it was unable to beer the ordinary pressure. 




BOILEK EXPL0810SS IN ISTO. 



■ Jfo- 58. ManehnUr. (ffy. 47.J Leeemier 2nd. 



3 in;ur«il. 



y^ 



Fig. 47. 

One of two. Balloon, used for evaporating only, nearly new, 9ft. 
high, and 9lt. diaomter, i incli plates, not usually worked at any 
preeaure. The top was thrown GO yards away, and the bottom left 
on fumaoe. The boiler was temporarily exposed to preBsnre which 
it was too weak a ahapo to bear. 



M- 69. Bilston. (Fig. 48.> Bscmher %i\d. 1 hilUd^ 2 injurai. 




Fig. 48. 

Plain Cylinder, 5 years old, 14ft, 9in. long, 4ft. 9in. diameter, % 
inch plates, 30 lbs. pressure. The water was allowed to get 80 low 
that the Bidea became softened by overheating and rent open, and 
blow the fire upon those near, but without disturbing the boiler ot; 
briokwork. 



BOILER EIPLfJSIOXS IS 1870. 




if two. BallooD, 30 years old, 15ft. diamGter, g inch plates, 
■worked at 20 lbs. pressure. It rent ia two and threw down the 
engine house and chimney. The boiler was not intended to work ■ 
at more than 5 lbs. pressure, and was quite unable to bear the extr* J 
pressure to which it w 



, No. 61. Leedi. (Fig. bO.J Dicmher 2Ath. 



1 injurf4> 



m 




Domestic, wrought iron, welded, ISj- inches wide, 12 inoheB n 
' The house hod been empty, and the pipes to cistern, 26 feet ftbove'j 



BOILER EXPLOSIONS IN 1878. 

frozen, and when a fire was lighted the accnmalaled pTMsar^ 
baTing no escape, forced oat the front. 

JPb- 62. Ltamingion. t^Fig- 51.) December 25t/>. non* in 







Fiff. 61. 
Somertio Saddle, wrought iron welded, 1ft. Bin. long, and tlig 
me width and height The circulating pipes were stopped by ice, 

■nd the aocnmnlatcd preesure forced down the underside and rent 

vpen the joint The buildiag was injured. 



JVo. ( 



MorUy. {Fig. 52.) Dteemher 26M. 



;« injatii- 



Fig. 52. 

Domestic Saddle, wrought iron welded, 2ft. 6in. long, 1ft. Gin. 
wide and high. Tho circulating pipes being stopped by ioe tha 
accumulated preBsnre forced out the plote on the under side- The 
building was injuied. 



No. 64. Liverpool. {Fig. S3.) December ibik- 



2 injwd- 



li'g. 53, 
BomeBtic, 1ft, 8in. wide and high, 1ft- deop, i inch cast iron. 
L The circulating pipes were stepped with ice, and the acoumulatai 
e forced out the &ont, and did great damage to the home. 



BOILER EXPLOSIONS D) 1870. 
No. 66. London. {Fig. 54.) December 2Slh. 1 iillt^d. 



f 



Tig. 54. 

Domeatic, wrongbt iron, 1ft- Sin. wide, lit. 4m. tiigh, 6iti. deep, 

f inch thick- The circulating pipes to the eiatem about 30ft. above 

were stopped with ice, and the accumuJatcd pressure rent the boiler 

in the welded joints, and did great damage to the house. 



Ifo. 66- SuiinfieU. {Fig. 65.) Deremh&r 26th. 



e injured. 



k 



^,/ 



Domestic, cast iron, g inch thick, 1ft. 3in. wide, Ift. deep. The 
circulating pipes were frozen, and the pressure accumulated and 
leut the boiler to fragments and did great damage to the room. 

No. 67. Northallerton. {Fig. 56.) December 29fA. 1 injured. 




BOILER EXPLOSIONS IN 1 



^^^pneoiDOliTe, 20 years old, I2ft- 9iii. long, with plates amuged 
^^K&waTS, 3ft- Sio. diameter, g inah plates, 80 lbs. pressure. Tlie 
^Hknl appears to have giTcn vray on the under side near fire boi, 
and opened ont and rent into fragments- Ab the pieces containing 
the probable first rent were missing, nothing positive could be ascer- 
tained. It may have contributed to the rupturo that the engine 
drew from the firo box instead of from the &aroe- 



No. 68. London. {Fig. 57.) DetmAer 29M. 



5 injarfi. 



^ 



Fig. S7. 
Domestic, Saddle, wrought iron, welded, 1ft, 6in. long, 1ft. 2in. 
wide, and Ift. high, J inch thick. The circulating pipes to cistern 
25ft, above were frozen, and the accumalated pressure forced the 
crown out of under aide of boiler, and caused great damage to 
premises. 



No- 69. London. 



Deeemher 30W. 



Domestic, the circulating pipes were frozen, and the accumulated 
pressure caused the boiler to rent open, but little damage was done. 



No- 70. Bftrtoti. Date not aaeertaincd- 1 kilUil. 

Plain Cylinder, underground, internally corroded until too weak 
to bear ordinary preBsure. 




BOILER EXPLOSIONS IN 1871. 



No, 1. Tranmere, {^Fig. 1.) January Ist. 



1 injured. 




Fig. 1. 

Domestic. Cast-iron, Ifb. 4iu. wide, 1ft. high, and llin. deep. 
The circulating pipes being frozen the pressure accumulated, and 
rent the boiler into pieces, doing great damage. 



No. 2. Roehddle. {Fig, 2.) January 2nd. 



Fig. 2. 



1 injured. 




Plain cylinder, lift, long, 3ft. lin. diameter, | inch plates, 25 lbs. 
pressure. Ruptured at a bad patch over grate, around which were 



BOILEB BXPLOSIOira m 1871. 

many old crocks, and the rent passed along tbe bottom, and throa^ 
the unguarded manhole, and round Mreral of the trauBverae BeaniB, 
diriding the boiler into 4 or 5 pieces, which were widely scattered, 
but are arranged in sketch near their onginal podtioii. 

JVb. 3. Jiaauaiy 2nd. none injuni. 

Cornish, 32ft. long, 6ft. 6in. diameter, | inch plates, 30 Iba. 
pressure. Tube raptured at first scam over the fire from weakoess 
caused by iuti-'mal corrosion. 

m. 4. MmUibro. {Fig. 3.) January Ath. 1 hTW. 




lig. 3. 
Domestic, 1ft. Sin. wide, 1ft. high, Ilin, deep, -^ inch fliicl. 
The circulating pipes being frozen, the pressure accumulated nA 
rent the boiler open, doing considerable damage. 

JVii. 5. Slirehleif. {Fi^. 4.) January mk. 1 killed, 4 injvrtd. 




One of five, about 30 years old, Lancashire, 1 8ft. Sin. long. 



BOILER EXPLOSIONS IN 1871. 

7fk. 6in. diameter. Tubes 2ft. diameter, g inch plates, 12 lbs. 
pressure. Buptured at corroded steam pipe joint at top of front 
end, and the rent followed along the angle ring of shell which was 
also corroded, and then along the seams of some plates in the 
bottom, placed longitudinally, allowing the top of the boiler to open 
up like a lid, without moving it much out of its original position. 

No. 6. Cornwall. January \2th. 1 hilled, 

Cornish, 30ft. long, 6ft. diameter, -^^ inch plates, 35 lbs. pressure. 
The ball weight of the safety valve was unusually near the steam 
pipe, and it is supposed that the boy who was scalded having put 
his dinner on the pipe to warm, it slipped between the ball and 
pipe ; and that in trying to extricate it he lifted the valve which 
was held open by the " pasty " wedged under the ball. 

No. 7. Dairy. January l^th, 3 injured. 

One of two, 25 years old. Plain cylinder, 24ft. long, 4ft. diameter, 
-j^j inch plates, 30 lbs. pressure. Gave way at a ring seam where 
much corroded near the back end, which was blown to the rear, 
the front end being thrown considerably forwards, and the shell 
was torn into many fragments which damaged the engine house, 
and so injured the other boiler that it also was rent into pieces and 
thrown some distance away. One safety valve was made to servo 
for the two boilers, and the connecting valve being shut there was 
no escape from this boiler, so that the bursting pressure soon 
accumulated. A similar boiler attached to the same engine exploded 
in April, 1870, and is mentioned as No. 15 in the "records" of 
that year. 

No, 8. S. Wales. . January 1 5 th, none injured. 

Plain cylinder, 5 years old, 35ft. 6in. long, 4ft. lOin. diameter, 
i inch plates, 55 lbs. pressure. Some plates over the fire became 
red hot from the accumulation of scale some inches thick upon them 
and gave way, and the reaction of the issuing contents sent the 
boiler some distance and did much damage. 



noiLER EXPLOSIONS IN 1871. 
JVb. 9. JUancheiler. January Idth. 1 injured. 

Plain cylinder, flat ends, very old, 8ft. 4iD. long, 3ft. diameter, 
8 inch plates, 50 lbs. prCBSore. The front plate was blown out, and 
the lioilcr was thrown backwards for some distance. The boilecwaa 
corroded until too weak to bear the ordinary pressure. 

JV'o. 10. Sundfrland. January 17M. I iilM, 1 injured. 

Marine. The Hteam expansion joint waa placed between two 
opposite curves in the pipe, and one end drew out when first under 
pressure. 

No. U. Leslie. January 26th. 2 kilUd. 

Cornish, 10ft, loDg, 4ft. diameter. Tube 2ft. 4in. diameter, plstea 

^g inch, 40 lbs. pressure. Qare way at bottom where it rested on 

the brickwork, the plates being completely eaten away by external 



m. 12. GalBthmd. {Fig. 5.) Januor$ 27tt. 




FSg. 6. 
Domestic, 3ft. high, 2ft, wide, and 1ft. lin. deep, # inch ph 
The circulating pipes being frozen, the pressure accumulated, anfl 
rent the boiler open doing great damage. 



] 



No. 13. Bradford. 




1 ailed, m 



Plain cylinder, 5 years old, flat ends, 7ft, 6in. long, 3ft. 4iib 



BOILEK EXPLOSIOSS IN 1871. 

diameter, f incli plates, 43 lbs. pressure. The 
safety valve was loaded to 70 Iba., and this pressure 
was too great for the insnfBeient stay to the flat 
end, which waa blown out, the boiler being thrown 
backwards. 



JVo, 14. Doptr. Fehnmry bth. 1 Hited. 

Marine, 70 lbs. preBsure. The boiler was not 
moved iima ita place, and the damage appeared to 
have been slight, but no particulars have been 
obtained. 



No. 15. NewooiiU. {Fig. 7.) Feh. lOM. i 



le injured. 



One of three, 3 years old. Chimney, 27ft. high, 
Sffc. diameter. Tube 2ft. 9in. diameter, g inch 
plates, 25 lbs. pressure. Collapsed about half-way 
I up the tube from overheating through shortnesa 
of water. 



lif. 7. 
No. 16. Mirmwgh 



{Fig. 8.) Fehruary 15(A. 




of two, 1 jearold. PortableuprigVt, 6tl,'iii^,4iV.5ii».ta.*K^i 



BOILER BXFL08I0H8 IN 1871- 

■^ inch plates, 25 Iba. preaaun. There was bat one safety valve, 
and that was on the other boiler. The jonotlon valve between the 
boilura wan dosed, when left for the night, without the fire being 
properly put out, and there being no onUet for the steam the 
pressnre accnmulated, and the boiler mptnred at the unguarded 
muohole and rent into fragments, much damagini; the closely 
packed hoiuos near. 



JV'o. n, Stockton. March %th. notu ityttred. 

Locomotive. The connecting rod broke and pierced the boiler, 
allowing contents to issue violently. A Bimilar case was mentioned 
as So. 27, July 2l8t, 1868, and others have occurred in previous 

yeoi-a. 



So. 18. Jiradhrd {Fig 9 ) Hareh mh. 1 HUtd, 1 injured. 




One of six, 3 yuars old. Lancashire, 27ft. long, 7ft. diameter. 
Tubes 2ft. Sin. diameter, slightly otuI, ./j inch plates, 60 lbs. 
prcBBurc. The left hand tube collupsed downwards from overheating 
through shortnesa of water. The builer was not moved, and HtUe 
damage was done to premises. 



No. 19. Glasgow. March llth. 3 killed, 3 injured. 

Hag Boiler. The screws of the maolid wore loosened before the 
steam was exhausted, and the issuing contents scalded those near. 
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JVb. 20. WootUm Btmett. {Fig. 10.) March Uth, 2 l-illed, 1 injured. 



e 



SICTION.THROUi 
A.B 





Fig. 10. 

Cornish, 12ft. long, 4ft. Sin. diameter. Tube 2ft. Sin. diameter, 
f incli plates, 72 lbs. pressure. Tube collapsed downwards from 
overheating through shortness of water. This was the second time 
the tube had collapsed, although the boiler had only worked 
18 months. 



iVb. 21 . NewcasiU. {Fig. 11.) 3[areh 1 Qth, 



1 killed. 




Fig, 11. 
Plain cylinder, flat ends, 16ft. long, 3ft. 6in. diameter, ^^ inch 
plates, 25 lbs. pressure. There being no stays to support the flat 
ends the varying pressure caused a slight movement backward and 
forward (sometimes called ** drum-head " motion), which facilitated 
corrosion in certain lines of strain, and produced a ^^ furrow" at 
the front near the bottom, which rent open. The boiler was not 
moved, and little damage was done to the premises. 



No, 22. Brigg. {Fig. 12.) March 17 tk 



1 killed, 1 injured. 







*sL — 



Fig. 12. 
One of five, 5 years old. Plain cylinder, 68£t' long, 4ft. 4in. 
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er, plates fg inch full, 65 lbs. pressure. Heated by { 
Rent at fourth seam, the front end being thrown a great diata 
forward, and the back end to the rear, displacing the other 4 boile 
The ruptured seam was next to a patch where the cutting out d 
the old nvcta and putting in of new had caused a 




One of two, 86 years old. Lancashire, 30ft. long, 9ft. diameter. 
Tubes 3ft' diameter, J inch platee, 22 lbs. pressure. The boiler 
was rent into 3 pieces. Fire ricgB of the back part were torn off 
and thrown to the rear. Four rings in the middle were opened out 
flat and fell across the other boiler, and the remaining part of the 
shell with the tubes were left on the seating. The boiler was old 
and much patched, and was corroded too thin to bear the usual { 
pressure. ■ 



AV 21. Li/nn. {Fig. 14.) March 23rd. 2 MUd. 

Cornifib, 10 years old, 7fl;. Sin. long, 3ft. 2in. diameter- Tubes 
1ft. lOin. diameter, f inch plates, 36 lbs. pressure. The tube 
ruptured at the last ring of plates, and was forced inwards, allowing 
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the contents to iaaue at th« bacli. The boiler was slightly thrown 



lig. 14. 
forward. It vas only used occasionally, bat vas so much reduced 
by internal corrodou as to be imable to bear the nsual pressure- 

No. 25. yorthwich. {Fig- 15.) J/oy Srrf- 1 kilUd, 1 injured- 




Fi}. 15. 
Marine, 7 years old, 9ft. 2in- long, 6ft. lin. diameter. Furnace 
tube 2ft. diameter, and 3 inch small tubes, | inch plates, HI lbs. 
presanre. There were two bands as clips round the outeide of boiler. 
Qave way at a seam where Eome new bottom plates had been 
inserted, and where the old plate was so thinned by internal corrosion 
as te be unable to hear the usual pressure. A small plate was blown 
out and shattered into three pieces, and the boiler was turned end 



No. 26. Bamdofle. May 9(A. 1 killed. 

BeYolving Kag boiler of plain cylindrical shape, with three filling 
holes. The steam was supplied from other boilere. The central lid 
was unscrewed, without trying, by a small hole for the purpose, 
whether there was any pressure, and the lid came off, snd the 
oontente issued and scalded the attendant. 
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'. 27. LtamingluH. {Fig. 16,) Mag 18(4. 1 killed, 2 tniwei- '< 




Fig. la. 

Portable maltittibiilar, 9 years old, 8ft- 6iii- long, 2ft, 6ui. I 
diameter, -/j inch plates, 60 lbs, presfiure- The safety valvo waa 
faeteued down by a Dail (A) betn'eeii the lever and the ' 

d in coneequenco the pressure accumulated to 
more tban the boiler could bear, and it was rent into 
many pieces, which were widely scattered. 



No, 28, Mag 2Qth. none injvred. 

Portable vertical, of pecnliar conHtraotion, with return down flue 
tubes, 6ft. high, 4ft. 6ia. diameter, % inch plates, 3S lbs. pressure. 
The shell was torn off, the bottom having given -way throngh 
weakness, from want of proper stays, from the crown of the fire box 
to top of the boiler. 



r 



29. JMl. {Fig. 17.) May 22nd. 

7T"a 



3 ktlled, 1 injured. 




LFincasbJrc, 22ft. 6in. long, 7ft. 6in. diameter. Tubes 2ft. lOifl 
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diameter, f inoh plates, TO lbs. prPBsoie. The tube was somewhat 
corroded on the top, and gave way over the fire from weakness. 

No. 30. BatA. Man ^^^^ 1 '^''^''> 1 '"Jurtd. 

Bevolfiiig Hag boiler of plain oylindriral shape, but revolving o 
trunnioDB, in the opposite direction to No. 26, I2tt. high, 6ft. 
diameter, j'^ inch plates, 50 Iba- pressure. The steam was supplied 
&Dm another boiler. The cover at one end was ioaecurelj fastened 
and was blown off. 




Ni 31 Oakengaiei {F j 18 June m. 




One of two, 20 years old. Balloon, 14ft. diameter, | inch plates, 
6 lbs. pressure. The pressure was allowed to far esceed the proper 
height during a temporary stoppage of the engine, and the bottom 
was rent off, and the top thrown some distance, but very little 
damage was done. 



So. 32. WelUnglfro'. {Fig. 19.) June Vih. 1 hilled, 2 injwed. 



\£L 




L Cornish, 38ft. long, 6ft. diameter. Tube 3ft. diameter, •; inch 
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platea, 40 Ibe. preaauie. Tube collapsed from veakness, and p&rtly 
tore away from the bock end, and tlie reaction from the isBoing 
contents forced the boiler back a long way. 



No. 33. Tiautal {Fig. 20). Junt 28^ 8 kilUd, 20 injwrtd. 




lig. 20. 
Coruish, 4311. long, 6ft- fiin- diameter, -fg inch plates. Tnbe 3ft. 

diameter, J inch plates, 50 lbs. pressure. The tube collapsed 
sideways from end to end through weakness, being withont strength- 
ening hoops, and with continuous longitudinal seams. The back 
end and part of the tube were thrown to the rear, and the rest of 
the boiler was thrown to the front, and separated info several 
fragments. 



No. 34. Glasgow. July 9th. 3 killed. 

The lid of a steam valve was being removed while under pressure, 
and the steam escaped and scalded those near. 

^0.35. RotUrham. {Fig. 21.) July XUh. none injured- 




Cornish, 10 years old, 7ft. long, 6ft. Gin, diameter. Tnbe 3ft. Sin. 
diameter, i inch plates, 45 lbs. pressure. Gave way where mnch 
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corroded by the damp brickwork of the central wall, and the back 
ring of plates was torn out, and the boiler tamed np on end, and 
much damage was done to the premises. 



No. 36. 



July 17 th. 



none injured. 



Cornish, 16 years old, 12ft. long, 4ft. diameter, ^ inch plates, 
48 lbs. pressure. Gave way at the bottom and rent open, a belt of 
plates being blown away to some distance. The bottom had been 
extensively corroded, by the boiler being left exposed to wet for 
many years before it was set at this place, rendering it unfit to bear 
the usual pressure. 



No- 37. Cumnock. {Fig. 22.) July 2%th. 



1 injured. 



9 




Fig. 22. 



One of five, about 20 years old. Plain cylinder, 20ft. long, 4ft. 
diameter, ^^ inch plates, 45 lbs« pressure. The boiler had been much 
patched and altered, and was in very poor condition, and unfit to 
bear safely the ordinary pressure. Rupture commenced near the 
feed pipe, and ran along one side and then round each end, both of 
which were liberated and thrown far away, the barrel of the boiler 
spreading out on to the neighbouring boilers, one of which was 
much injured. 



No. 38. Shields. {Fig. 23.) August Xst. 1 killed^ 7 injured' 

Multitubular, 10 years old, 7ft. long, 3ft. 6in. diameter, }^ inch 
plates, 50 lbs. pressure, but valve loaded to 80 lbs. Bupture 
commenced^at the unguarded manhole, and the shell was rent Id 
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several pieces which were macb scattered. The safety valve was 
defective, and the boiler bad been much weakened by many patches, 




/!?. 23, 

and was in poor condition and unable to hear the preHSore at which 
it was worked at the time of explosion. 

Ifo. 39. Waiefield. Augwt Brd. 1 kilkd, 1 injured. 

One of five. Bag boiler, 5 lbs. preeeure from the eshaust steam 
of an engine. The manhole was of very large size and insecurely 
fastened, and was blown off. 



Nu. 40. Cornwall {Fig- 24,} August I7(A. 



2 hlkd- 



Fig. 24, 

CurniBh, 30ft. long, 6ft. 3in, diameter. Tube 4ft, Sin. diameter, 

18 lbs, pressure. Ruptured near brickwork at the bottom where 

much corroded externally, and one ring of plates was rent open. 

The boiler was displaced, and the premises were greatly damaged. 




No. 41. Shield). Avgutt 2&th. none injured. 

Cbemical pan, 12ft. long, 5ft. 6in, diameter, a inch plates. The 
end was blown off, the rivets not beicg strong enough for the 
pressure of 35 lbs. as supplied from the boilers. 



BOILEE EXPLOSIONS IN 1871. 
No. 42. Blatkburn. [Fig. 25.) August 29(A, 1 hilled, 2 injured. 




Fig. 25. 

Lancaehice, 26rt. long, &H. Gin. diameter. Tubes 2ft. 9iD. 

diameter, | inch plates, 60 lbs. pressure. Tbe left hand tube 

collapsed ftom overlieating throngb sbortiieBa of water, and tbe 

GouteDts issued violently and scalded tbose near. 

J^o. 43. Hertford. August 2 injured- 

Chemical boiler, PlaiD cjlinder, 12ft. 6iii. high, 4ft. fiin. diameter, 
S inch plates, with cast-iron hemispherical ends with manhole in each. 
The pressure of 34 lbs was obtained from another boiler. The 
bottom end gave way where the casting was defective, a piece was 
blown out, and the reaction of the isHuing contents projected the 
boiler throngh the roof, through which it again descended and did 



No. 44. Cardiff. {Fig. 26.) September Ut- 2 iilled, 2 injured. 




Uarine. Multitnbular, 6ft. long, 6ft. diameter, 60 lbs. pressure. 
The under side of fire box gave way at the front rivets, the heads of 
which were corroded, and a tongue of plate was torn upwards, 
allowing the contents to issne so violently, that those near were 
carried overboard and drowned. 
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A'o. 46. GrnUy. (F^. 27.) 8tptmb»r 2»rf. 



% 




7 injured. 



Fig. 27. 
One of six, 2 years old. Plain cylinder, 40ft. long, 5ft. diameter, 
I inch plates, GO Iba. presBore. This caae was peculiar, as the back 
part of the boiler waa found a long way to the iront, and the front 
end in the rear. An accamnlation of scale caused pocket to form, 
and a hole to bum through the bottom over the grate, allowing the 
coutentB to issue so Ticleutly that the boiler was sent over end for 
end, when the front end was knocked off and tbrown to the rear, 
and the contents theu issniag more violeatly, the reaction sent the 
rest of the boiler in one piece a great distance to the front, where it 
fell, and was crushed nearly flat and broken into several fragments. 



No. 46. Cornwall. {Fig. 28.) September I6th. 



4 injured- 




Fiff. 28. 
One of two, 18 years old. Cornish, 32ft. Din. long, 6ft. Gin. 
diameter. Tube 4ft. diameter, g inch plates, 45 lbs. presBure. The 
tube collapsed from end to end, dropping together like an old sack, 
and cracking at the edges. A small piece at the front end was 
blown out. The cause was supposed to be shortness of water as 
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tbere was no gnage glasB, bat it waa far more likely the weakness 

of BO large a tube without strenglbeniiig hoops. The pressure waa 
doulitless nore than uim»), as the engine had mode a temporary 
Btand. A Bimilnr collapse took place in the nest boiler in December, 
1869, and is described as No. 57 in the " records" of that year. 



JVo. 47. Eiill. {Fig. 29.) Sfpfmh^ 22nrf. 



2 injured. 



Fig. 20. 

Vertieal, with lire box of peculiar corrugated construction, 7ft 
6in. high, 3ft. diameter, 50 lbs. preaauro. Gave way round the 
bottom of fire box where much corroded and rent open, and tha 
reaction of the issuing contents carried the whole boiler to a 
oonsderable diEtanoe. The pteaaure guage had been removed, and 
the safety valve did not act freely, and the pressnre accumulated to 
l.toore than the boiler could bear. 



2fo. 48. Orindhtm. 



.) Seplmber 2Gth. 




liff 30. 

hire, 3 years old, 20ft long, 7ft. diameter. Tube 2ft. 2in. 

meter, J inch plates, 60 Ibi. pressure. The boiler gave way at 

e second ring of plates from the back end, at the side whera 

Entemally corroded to a knife edge, by brickwork made damp by 

Elwing next the side of a hill. The rents extended round the boiler, 
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and it was turned nearly bottom upwards, and tbe shell ox>ened out 
in the carious way shown in the sketch. 



No* 49. Bradford. Oetoher 9th, none injured. 

One of three. Portable, multitubular, 8ft;. long, 2ft. 6in. diameter, 
80 lbs. pressure. There was no safety yalve, dependence being 
placed on that of the boiler to which it was connected. Steam was 
got up without opening the connecting steam cock, and the 
consequent excessive pressure forced off the front end. 



No, 60. Tipton. Oetoher 17 th. none injured. 

One of twenty, 22 years old. One tube worked by two furnaces, 
36ft. long, 6ft. 3in. diameter. Tube from end to left side 2ft. Sin. 
diameter, i inch plates, 30 lbs. pressure. The tube collapsed from 
overheating through shortness of water, and cracked at the edges 
and allowed the contents to escape without any violence. 



No. 51. Bury. October 21 st. 2 killed, 1 injured. 

A wall fell upon and broke the steam pipes, and the escaping 
steam scalded those near. 



No. 52. October 25th. 2 injured. 

Chemical boiler. Plain cylinder, 9ft. 3in. long, 6ft. diameter, 
{ inch plates. The back end was blown out, and the boiler moved 
forward a few yards, and the premises were much injured. The 
outlet pipes were choked up, and more pressure accumulated than 
it was capable of bearing. 



No» 53. Chederjleld. [Fig. 31.) October 25th. none injured. 

Plain cylinder, 6ft. 6in. long, 2ft. 2in. diameter, f^ inch plates, 
80 to 100 lbs. pressure. The manhole was weak and unguarded 
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vith a etreDgthenisg ring, and rnptured and allowed the lid to blov 
out. The rents epread along a part where etrength waa much 

■ eg ^ 



Hq. 31. 

jduoed by the rivets being countersunk to make room for attach- 
sntB. The safety Talve was defective and overloaded, and thero 
guage, and the boiler was unfit to bear the pressure tfl which 
i waa exposed. 



flfi. 54, Northwich. 



1 killed, 1 injured. 



Chemical, The cover was unscrewed before the preaaure v» 
i the contents blew out violently and scalded thoso near. 



P3?b. 65. Bomling. {Fig. 32.) Octoler 30iA, 1 killed, 1 injured. 




One of two, 17 years old. Marine, 12ft. 7in. long, 6ft, Sin, 

iiametcr. Tube 4ft. wide, 2ft Sin. high, 16 lbs, pressure. The 

tabe waa much weakened by corrosion and screw-patching and 

lapsed upwards, with the slightly increased preasure of i 

mporary stoppage of the engine. 




BOILEB EXPLOSIONS O l: 
m. 06. BiltUm. OcUbtr. 



wme itfjttnd. 



Chemical, 9ft. long, slightly ovat, 4ft. greatcet diameter, | inch 

plates, 2 lbs, presaure. Although not at work, it ia auppoeed that a 
gus was gently pJiBsing off through a amall pipe, 30ft. long, to 
tt receiver which was under repair, and that this gas being 
acciduntAlly lighted, conuauuicated through the pipe with that in 
tho boiler and exploded it. One end waa blown off, the ruptore 
puseing completely round through the solid plate. 



2fo. 67. fiewcmtU. [FHg. 33.) NvvmaUr bth. 




i inch plates, 30 Ibe. pressure. Tube collapsed from overheatiiig 
through shortness of water. 



No. 68, Qraceisnd. {Fig. 34,) November 8(A. 



I 




One of two. Marine, 161t. 6in. long, 8ft, 4in, diameter, lube 
of irregular ahapo, about 2ft, lOin, high, I inch plates, 27 lbs. 
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pressure. The guage was so much out of order, that it only showedH 
24 lbs. under a real pressure of 80 Iba. The safety valve was I 
defective and overloaded, and the pressure was sufficient to collapse 
and rupture the side flue, and the contents rushed out at the &out. 



Sihton. {Fig. 35.) Novcmbar 12th. 




Fig. 35. 

One of four. Cornish, about 20 years old, 26ft. long, 
diameter, ^^ inch plates, 40 lbs. pressure. Tube 3ft. Sin. diameter 
had been made in two parts, joined in tie centre by a narrow plata 
I inch thick, and it collapsed at this joint, so that tho top met ths 

|- bottom, and thus ho retarded the issue of the contents after being 
set in motion, that a shock was produced, which blew out an end 

I and half the tube iu opposite directions. The shell was left resting 
itt its seat, and little damage was done to promises. The tube had 
much the appearance of collapse from shortness of water, hut the 
most probable cause was that it was too weak without strengthening 

F hoops to bear the ordinary pressute with safety. 
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diameter, j inch plates, 30 lbs. pressure. The bottom of the smoke 
box was reduced by external corrosion to less than j^g- inch in 
thickness, and was consequently unable to bear the ordinary pressure, 
and a piece was blown out, and the reaction of issuing contents 
displaced the boiler a little and much damaged the premises. 



No. 61. Rotherham. November lUh. I killed. 

The screws of a manhole were loosened while the pressure 
remained in the boiler, and the lid was blown o&. 



No. 62. Newcastle. November 25th. 1 killed. 

One of twelve. Chimney, 28ft. high, 6ft. diameter. Tube 2ft. 
Sin. diameter, S inch plates, 25 lbs. pressure. The blow pipe was 
left open while some men were inside repairing, and the steam and 
water from the blow-oflf of another boiler in the same pipe was 
forced in upon them. 



No. 63. Cradley. December %th. 1 injured. 

Locomotive, lift, long, 3ft. diameter, i inch plates, 95 lbs. 
pressure. The pressure amounted to about 134 lbs. during a 
temporary eflPort to get up a steep curved incline, and the fire box 
was forced inwards and the outside shell outwards, and the stays 
drawn, but little other damage was done. 



No. 64. Middle8bro\ {Fig. 37.) December \Zth. 1 injured. 

Locomotive, 18ft. 6in. long, 4ft. diameter, J^ inch plates, 120 lbs. 
pressure. Gave way under bottom of barrel where " furrowed " by 
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the combined action of corroaion and the Btrain npon tbe pUtei, by 
sttachment to the frame of the engine. 




JV-37. 
Jfo. 65. ITetthrimwieh. (Fig. 38.) Deeemher 2^th. 1 inji^ti. 




Fiff. 38. 

One of five, 23 years old. Balloon, IGft. diameter, | inch plates, 
5 lbs. pressure. It ruptured at the back where the plates in contact 
with brickwork were reduced hj external corrosion, and the bottom 
was forced down upon the grate, and the top rolled over on to its 
side. The boiler was not beiug used, although connected with tbo 
Other at work. The strain upon the bottom was increased by the 
bo3er beiug over full and nearly to the brim. Those near were 
drenched with nearly cold water from it when it upset, 

JPb. 66. Glaggow. (Fi>. 39.) Secemher SOth. II MM, SO lyureJ. 

Portable upright, about 8 years old, lift. 4in. high, 4ft. diameter, 
I inch plates, 100 lbs. pressure. The internal portion gave way 
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where attached to the fire holes and collapsed inwards, ai>d the 
reocdon of the iisiuog cootenta forced the boiler np eoma distance on 




to the top of a houee. The safety valve did not act properly, and 
the pressare appears to have accumulated to more than the boiler 
could bear, during a temporary stoppage of the engine. 



Jt. Sroumhall, Printtf, Stourbridge. 
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